





ɤ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɉɚɯɨɦɨɜɨɣ Ⱥɧɧɵ ɋɟɪɝɟɟɜɧɵ, ɫɬɭɞɟɧɬɚ 2 ɤɭɪɫɚ 
ɦɚɝɢɫɬɪɚɬɭɪɵ ɋɚɹɧɨ – ɒɭɲɟɧɫɤɨɝɨ ɮɢɥɢɚɥɚ ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ ɧɚ ɬɟɦɭ «Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
ɑɟɛɨɤɫɚɪɫɤɨɣ Ƚɗɋ ɫ ɜɧɟɞɪɟɧɢɟɦ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɯ ɡɚɳɢɬ ɄɊɍ». 
 
Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɩɨ 
ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɑɟɛɨɤɫɚɪɫɤɨɣ Ƚɗɋ.  
Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɢɫɫɟɪɬɚɰɢɢ ɨɛɭɫɥɨɜɥɟɧɚ ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɪɹɞɚ ɜɨɩɪɨɫɨɜ, 
ɜɨɡɧɢɤɲɢɯ ɜ ɯɨɞɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɬɨ 
ɫɜɹɡɚɧɨ ɫ ɦɨɪɚɥɶɧɵɦ ɫɬɚɪɟɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɬɨ ɬɪɟɛɭɟɬ ɩɪɨɜɟɞɟɧɢɹ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ. Ɍɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɪɚɛɨɬ ɩɨ ɞɨɪɚɛɨɬɤɟ ɫɯɟɦɵ 
ɩɢɬɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɟɟ ɧɚɞɟɠɧɨɫɬɢ. 
Ⱥɜɬɨɪɨɦ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɯɟɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
Ƚɗɋ, ɜ ɪɚɦɤɚɯ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɯɟɦɵ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 
ɦɟɠɞɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (Ɍɋɇ) ɢ ɛɥɨɱɧɵɦɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ, ɫ ɤɨɬɨɪɵɦɢ ɨɧɢ ɠɟɫɬɤɨ ɫɜɹɡɚɧɵ. ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɬɨɤɨɜ 
ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɞɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɚɩɩɚɪɚɬɨɜ ɢ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ 
ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɞɥɹ ɜɵɛɨɪɚ ɭɫɬɪɨɣɫɬɜ ɩɨ 
ɨɝɪɚɧɢɱɟɧɢɸ ɷɬɢɯ ɬɨɤɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɵɛɨɪɚ ɢ ɨɰɟɧɤɢ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɬɨɤɨɜ 
ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ. 
ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ ɭɞɚɥɨɫɶ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɢ ɞɨɪɚɛɨɬɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɫɯɟɦɵ ɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ, ɜɵɛɨɪ ɢ 
ɩɪɨɜɟɪɤɭ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ: ɹɱɟɟɤ ɄɊɍ 6 ɤȼ, ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ 6 ɤȼ; ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɜ ɰɟɩɹɯ Ɍɋɇ; ɠɟɫɬɤɢɯ 
ɲɢɧ ɜ ɄɊɍ 6 ɤȼ; ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 6 ɤȼ; ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 6 
ɤȼ; ɫɟɱɟɧɢɹ ɩɢɬɚɸɳɢɯ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɞɥɹ ɫɯɟɦɵ ɋɇ Ƚɗɋ. 
Ⱦɥɹ ɡɚɳɢɬɵ ɨɛɴɟɤɬɨɜ ɩɨɞɫɬɚɧɰɢɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɭɫɬɪɨɣɫɬɜɚ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɧɚ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɛɚɡɟ ɡɚɝɪɚɧɢɱɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɤɚɤ ɧɚɢɛɨɥɟɟ 
ɫɨɜɟɪɲɟɧɧɵɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɫɬɪɨɣɫɬɜɚɦɢ ɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɢ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɟ. Ȼɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɭɫɬɚɜɤɢ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ  ɜ ɄɊɍ 6 ɤȼ ɨɬɯɨɞɹɳɢɯ ɥɢɧɢɣ.  
Ⱦɥɹ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɜɵɛɪɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥ 
ɩɪɨɜɟɞɟɧ ɬɟɯɧɢɤɨ – ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɟɧɵ 
ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ: ɫɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɪɟɦɨɧɬ, 
ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɟɦɨɧɬɧɨɝɨ ɩɟɪɫɨɧɚɥɚ. 
Кɥɸчɟɜɵɟ ɫɥɨɜɚ: Чɟɛɨɤɫɚɪɫɤɚɹ ȽЭɋ, ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ (ɋН), 
ɤɨɦɩɥɟɤɬɧɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ (КɊɍ), ɬɪɚɧɫɮɨɪɦɚɬɨɪ 







to master thesis Pakhomova Anna Sergeyevna, student of the 2nd course of a 
magistracy of Sayano – Shushensky branch of Siberian Federal University on the 
theme «Reconstruction of power supply of own needs of Cheboksary hydroelectric 
power station with the introduction of microprocessor-based protection CRU». 
 
The master's thesis is aimed at solving the task of modernizing their own needs 
Cheboksarskaya HPP.  
The relevance of the thesis is due to the existence of a number of issues that 
have arisen during the operation of hydroelectric power plants. Primarily this is due 
to the obsolescence of equipment that requires reconstruction. It is also necessary to 
carry out works on improvement of power supply of own needs with the aim of 
increasing its reliability. 
The author of the study of the scheme of own needs of HPP in the framework 
of the reconstruction scheme is envisaged to install a disconnector between the 
auxiliary transformers and block transformers with which they are rigidly connected. 
Calculation of short circuit currents for the selection and verification devices and live 
parts on thermal and dynamic stability, to select the devices to limit these currents, as 
well as for selection and evaluation of relay protection. For this purpose we used a 
universal algorithm of calculation of currents of three-phase short circuit based on 
iterative conversion circuitry. 
The study failed to carry out the analysis and revision of electrical diagrams 
and schemes of power supply of own needs of the plant, the choice and testing of 
electrical equipment: cells 6 kV, circuit breakers in the switchgear 6 kV; isolators in 
circuits of the transformer of own needs; hard tires 6 kV; current transformers 6 kV; 
voltage transformers 6 kV, the cross section of the supply cable lines for the scheme 
of own needs of HPP. 
For the protection of the substation was chosen as the device of relay 
protection microprocessor based overseas production, as the most advanced 
compared to devices based on semiconductor and Electromechanical components. 
Calculated setpoint relay protection and automatics in the 6 kV outgoing lines.  
For an economic justification of selected equipment was conducted techno – 
economic calculation, which resulted in the identification of basic indicators: the cost 
of materials for maintenance and repair, salaries of maintenance personnel. 
Keywords: Cheboksary hydroelectric power station, transformer of own needs, 











ɋɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɹɜɥɹɸɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɪɚɛɨɬɵ 
ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. Ɉɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨɬɪɟɛɧɨɫɬɶɸ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ 
ɩɪɢɜɟɞɟɧɢɹ ɜ ɞɟɣɫɬɜɢɟ ɫɢɫɬɟɦ ɢ ɦɟɯɚɧɢɡɦɨɜ, ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɵɯ ɧɚ ɜɫɟɦ 
ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɭɡɥɟ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɟɟ ɪɚɛɨɬɭ. 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɧɟɡɚɜɢɫɢɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɛɵɥɢ 
ɜɵɛɪɚɧɵ ɨɫɬɚɧɨɜɥɟɧɧɵɟ ɝɢɞɪɨɚɝɪɟɝɚɬɵ, ɩɪɢ ɡɚɩɭɫɤɟ ɤɨɬɨɪɵɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɩɨɞɚɱɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɪɟɚɥɢɡɨɜɚɧ ɩɭɬɟɦ 
ɭɫɬɚɧɨɜɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɦɟɠɞɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɢ ɛɥɨɱɧɵɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɧɟɩɪɟɞɜɢɞɟɧɧɨɣ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ ɢ ɩɨɬɟɪɢ ɛɥɨɱɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɨɫɬɚɟɬɫɹ ɜ ɪɚɛɨɬɟ, ɢ ɷɬɨ ɧɟ 
ɩɪɢɜɟɞɟɬ ɤ ɩɨɬɟɪɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɋɇ, ɬ.ɟ. ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɞɟɠɧɚɹ ɪɚɛɨɬɚ 
ɫɬɚɧɰɢɢ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ Ɍɋɇ, ɫ ɩɨɦɨɳɶɸ ɪɚɡɴɟɞɢɧɢɬɟɥɹ 
ɦɵ ɫɦɨɠɟɦ ɨɬɤɥɸɱɢɬɶ ɟɝɨ ɢ ɩɪɢ ɷɬɨɦ ɜ ɪɚɛɨɬɟ ɨɫɬɚɧɟɬɫɹ ɛɥɨɱɧɵɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɧɢɦ ɱɟɬɵɪɟ ɝɟɧɟɪɚɬɨɪɚ, ɞɚɧɧɨɟ ɩɨɜɪɟɠɞɟɧɢɟ ɧɟ 
ɩɪɢɜɟɞɟɬ ɤ ɩɨɬɟɪɢ ɝɟɧɟɪɚɰɢɢ ɢ ɧɚɥɨɠɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɲɬɪɚɮɨɜ 
ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ.  
Ⱦɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɚɩɩɚɪɚɬɨɜ ɢ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ 
ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɵɛɨɪɚ ɢ ɨɰɟɧɤɢ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ. 
Ⱦɥɹ ɧɚɞɟɠɧɨɣ ɡɚɳɢɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɫɬɪɨɣɫɬɜɚ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɧɚ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɛɚɡɟ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɟ. 
Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɤɨɦɩɥɟɤɬɵ ɭɧɢɜɟɪɫɚɥɶɧɵ, ɮɭɧɤɰɢɨɧɚɥɶɧɵ, 
ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɵ.  
ɗɬɨ ɜɫɟ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɛɨɬɵ 
ɫɬɚɧɰɢɢ,  ɭɩɪɨɳɟɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ. ɍɫɬɚɧɨɜɥɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɯ ɨɛɴɟɦɨɜ 
ɪɟɦɨɧɬɨɜ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɫɪɨɤɚ  ɷɤɫɩɥɭɚɬɚɰɢɢ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɯɟɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɛɟɫɩɟɪɟɛɨɣɧɨɟ ɩɢɬɚɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɋɇ ɩɪɢ ɩɥɚɧɨɜɵɯ ɢ ɚɜɚɪɢɣɧɵɯ 
ɨɬɤɥɸɱɟɧɢɹɯ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɋɇ. Ʌɸɛɨɣ ɷɥɟɦɟɧɬ ɫɯɟɦɵ ɦɨɠɟɬ 
ɛɵɬɶ ɜɵɜɟɞɟɧ ɜ ɪɟɦɨɧɬ ɛɟɡ ɫɧɢɠɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɩɢɬɚɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɋɇ. 
Ƚɥɚɜɧɨɟ ɞɨɫɬɨɢɧɫɬɜɨ – ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ. 
ȼ ɪɚɦɤɚɯ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɫ 
ɨɩɪɟɞɟɥɟɧɢɟɦ ɱɢɫɥɟɧɧɨɫɬɢ ɢ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ, 
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ɇɨɪɦɚɥɶɧɚɹ ɪɚɛɨɬɚ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɟё ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɜɨɡɦɨɠɧɵ ɬɨɥɶɤɨ ɩɪɢ ɭɫɥɨɜɢɢ ɧɚɞёɠɧɨɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ 
(ɋɇ). ɉɨɷɬɨɦɭ ɧɚɞёɠɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ, ɤɨɬɨɪɨɦɭ ɞɨɥɠɧɚ 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɫɢɫɬɟɦɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ. 
ɇɚɞɟɠɧɨɫɬɶ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 
 ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, 
ɩɨɡɜɨɥɹɸɳɟɣ ɭɦɟɧɶɲɢɬɶ ɨɩɚɫɧɨɫɬɶ ɫɧɢɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɋɇ ɩɪɢ 
ɄɁ ɜɨ ɜɧɟɲɧɟɣ ɫɟɬɢ; 
 ɩɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɨɜ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɦ ɛɵɫɬɪɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɨɪɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɲɢɧɚɯ 
ɋɇ ɩɨɫɥɟ ɨɬɤɥɸɱɟɧɢɹ ɄɁ; 
 ɩɪɢ ɪɚɰɢɨɧɚɥɶɧɨɦ ɩɨɫɬɪɨɟɧɢɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɢɫɬɟɦɵ 
ɋɇ, ɜ ɨɫɧɨɜɭ ɤɨɬɨɪɨɣ ɩɨɥɨɠɟɧɨ ɫɟɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫ ɩɪɢɫɨɟɞɢɧɟɧɢɟɦ ɝɪɭɩɩɵ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ, ɨɬɧɨɫɹɳɢɯɫɹ  ɤ ɤɚɠɞɨɦɭ ɚɝɪɟɝɚɬɭ, ɤ ɨɬɞɟɥɶɧɨɣ ɫɟɤɰɢɢ Ɋɍ 
ɫ ɨɬɞɟɥɶɧɵɦ ɪɚɛɨɱɢɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɄɁ ɜ ɫɟɬɢ ɋɇ 
ɜɵɡɵɜɚɸɬ ɩɨɧɢɠɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɬɨɥɶɤɨ ɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɝɪɭɩɩɵ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ. 
ɋɢɫɬɟɦɚ ɋɇ Ƚɗɋ ɞɨɥɠɧɚ ɛɵɬɶ ɬɚɤɠɟ ɷɤɨɧɨɦɢɱɧɨɣ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 
ɬɪɟɛɭɟɦɚɹ ɧɚɞёɠɧɨɫɬɶ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶɫɹ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɯ 
ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹɯ ɢ ɪɚɫɯɨɞɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
ɋ ɦɨɦɟɧɬɚ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (80-ɟ ɝɨɞɵ ɩɪɨɲɥɨɝɨ ɜɟɤɚ) ɧɚ ɑɟɛɨɤɫɚɪɫɤɨɣ 
Ƚɗɋ ɧɟ ɩɪɨɜɨɞɢɥɚɫɶ ɦɨɞɟɪɧɢɡɚɰɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɤɨɦɩɥɟɤɬɧɨɦ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ (ɄɊɍ). ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɜɵɲɚɸɬɫɹ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɝɟɧɟɪɢɪɭɸɳɟɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ, ɨɧɨ ɞɨɥɠɧɨ ɨɬɜɟɱɚɬɶ ɜɫɟɦ 
ɧɟɨɛɯɨɞɢɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɣ, ɛɟɡɨɩɚɫɧɨɣ ɢ 
ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ. ɉɨɷɬɨɦɭ ɜ ɯɨɞɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɞɨɥɠɧɵ 
ɩɪɢɦɟɧɹɬɶɫɹ ɫɨɜɪɟɦɟɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɊɁɢȺ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɢɥɢ ɢɧɨɫɬɪɚɧɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. Ⱦɥɹ ɡɚɳɢɬɵ ɨɛɴɟɤɬɨɜ ɩɨɞɫɬɚɧɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɭɫɬɪɨɣɫɬɜɚ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɧɚ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɛɚɡɟ, ɤɚɤ ɧɚɢɛɨɥɟɟ 
ɫɨɜɟɪɲɟɧɧɵɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɫɬɪɨɣɫɬɜɚɦɢ ɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɢ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɟ. Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɤɨɦɩɥɟɤɬɵ 
ɭɧɢɜɟɪɫɚɥɶɧɵ, ɮɭɧɤɰɢɨɧɚɥɶɧɵ, ɧɚɞɟɠɧɵ, ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɵ.  
ɋɬɪɭɤɬɭɪɚ ɩɪɟɞɥɚɝɚɟɦɨɣ ɪɚɛɨɬɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɤɪɵɜɚɟɬ ɧɚɡɧɚɱɟɧɢɟ 
ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɑɟɛɨɤɫɚɪɫɤɨɣ Ƚɗɋ; ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɚɢɦɟɧɟɟ 
ɡɚɬɪɚɬɧɵɣ ɦɟɬɨɞ ɞɨɪɚɛɨɬɤɢ ɞɟɣɫɬɜɭɸɳɟɣ ɫɯɟɦɵ ɢ ɟɟ ɦɨɞɟɪɧɢɡɚɰɢɹ ɩɭɬɟɦ 
ɭɫɬɚɧɨɜɤɢ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɦɟɠɞɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (Ɍɋɇ) ɢ 
ɛɥɨɱɧɵɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ, ɫ ɤɨɬɨɪɵɦɢ ɨɧɢ ɠɟɫɬɤɨ ɫɜɹɡɚɧɵ; 
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɬɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɞɥɹ ɜɵɛɨɪɚ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ 
ɚɩɩɚɪɚɬɨɜ, ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ; ɩɪɨɜɨɞɢɬɫɹ ɬɟɯɧɢɤɨ-
ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱёɬ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɱɢɫɥɟɧɧɨɫɬɢ ɢ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ, ɫɭɦɦɵ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɩɪɢ ɦɨɞɟɪɧɢɡɚɰɢɢ 












































1 Аɧɚɥɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
 
1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɢɫɬɨɱɧɢɤɨɜ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢ ɩɨɬɪɟɛɢɬɟɥɟɣ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɑɟɛɨɤɫɚɪɫɤɨɣ Ƚɗɋ 
 
ɋɯɟɦɚ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɞɟɥɢɬɫɹ ɧɚ ɫɯɟɦɭ ɚɝɪɟɝɚɬɧɵɯ 
ɧɭɠɞ ɢ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɯ ɧɭɠɞ. ɋɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɩɨɬɪɟɛɧɨɫɬɶɸ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɩɪɢɜɟɞɟɧɢɹ ɜ ɞɟɣɫɬɜɢɟ ɫɢɫɬɟɦ ɢ 
ɦɟɯɚɧɢɡɦɨɜ, ɪɚɫɫɪɟɞɨɬɨɱɟɧɧɵɯ ɧɚ ɜɫɟɦ ɝɢɞɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɭɡɥɟ, ɱɬɨɛɵ 
ɨɛɟɫɩɟɱɢɬɶ ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɟɟ ɪɚɛɨɬɭ. 
 ɇɚ ɑɟɛɨɤɫɚɪɫɤɨɣ Ƚɗɋ ɤ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɦ ɩɨɬɪɟɛɢɬɟɥɟɦ 
ɚɝɪɟɝɚɬɧɵɯ ɋɇ ɨɬɧɨɫɹɬɫɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɧɚɫɨɫɨɜ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ 
ɫɦɚɡɤɢ ɝɢɞɪɨɬɭɪɛɢɧ (55-110 ɤȼɬ), ɧɚɫɨɫɨɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ; 
ɧɚɫɨɫɨɜ ɢ ɜɟɧɬɢɥɹɬɨɪɨɜ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɨɜ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 
ɨɯɥɚɠɞɟɧɢɹ ɬɢɪɢɫɬɨɪɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɨɜ (35 ɤȼɬ), 
ɚ ɬɚɤɠɟ ɞɪɟɧɚɠɧɵɟ ɧɚɫɨɫɵ (16 ɤȼɬ).  
Ⱦɥɹ ɷɬɨɣ ɤɚɬɟɝɨɪɢɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢɫɬɨɱɧɢɤɨɦ ɫɥɭɠɚɬ ɫɩɟɰɢɚɥɶɧɵɟ 
ɨɬɩɚɟɱɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ, «ɝɥɭɯɨ» ɩɪɢɫɨɟɞɢɧɟɧɧɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ 
ɲɢɧɚɦ ɝɟɧɟɪɚɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɩɢɬɚɸɬ ɨɫɧɨɜɧɭɸ ɫɟɤɰɢɸ ɲɢɧ ɚɝɪɟɝɚɬɧɵɯ ɋɇ. 
Ɉɫɧɨɜɧɚɹ ɫɟɤɰɢɹ ɪɟɡɟɪɜɢɪɭɟɬɫɹ ɨɬ ɞɪɭɝɨɝɨ ɢɫɬɨɱɧɢɤɚ – ɨɬ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɯ 
ɋɇ. 
Ʉ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɦ ɫɨɛɫɬɜɟɧɧɵɦ ɧɭɠɞɚɦ ɨɬɧɨɫɹɬɫɹ ɜɫɟ ɞɪɭɝɢɟ 
ɩɨɬɪɟɛɢɬɟɥɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɬɨɬ ɢɥɢ ɢɧɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɪɢ 
ɪɚɛɨɬɟ Ƚɗɋ (ɨɫɜɟɳɟɧɢɟ, ɦɚɫɥɹɧɨɟ ɯɨɡɹɣɫɬɜɨ, ɩɧɟɜɦɚɬɢɱɟɫɤɨɟ ɯɨɡɹɣɫɬɜɨ, 
ɜɟɧɬɢɥɹɰɢɨɧɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɪɚɡɧɨɝɨ ɪɨɞɚ ɝɪɭɡɨɩɨɞɴɟɦɧɵɟ ɦɟɯɚɧɢɡɦɵ, ɫɢɫɬɟɦɚ 
ɨɫɭɲɟɧɢɹ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ, ɪɟɦɨɧɬɧɵɟ ɦɚɫɬɟɪɫɤɢɟ).  
Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɞɨɫɬɨɢɧɫɬɜɚɦɢ: 
ɧɚɞɟɠɧɨɫɬɶɸ ɩɢɬɚɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɯ ɢ ɚɝɪɟɝɚɬɧɵɯ ɋɇ ɜ 
ɧɨɪɦɚɥɶɧɵɯ, ɪɟɦɨɧɬɧɵɯ ɢ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ; ɩɪɨɫɬɨɬɨɣ ɢ ɧɚɝɥɹɞɧɨɫɬɶɸ. 
ɇɚɞɟɠɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ: ɧɚɥɢɱɢɟɦ ɧɟɫɤɨɥɶɤɢɯ ɧɟɡɚɜɢɫɢɦɵɯ 
ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ (1, 2, 3 Ɍɋɇ); ɫɟɤɰɢɨɧɢɪɨɜɚɧɢɟɦ ɲɢɧ 6 ɢ 0,4 ɤȼ; 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɩɨ ɪɚɡɧɵɦ ɫɢɫɬɟɦɚɦ (ɲɢɧɨɩɪɨɜɨɞɚɦ) ɢ 
ɫɟɤɰɢɹɦ ɲɢɧ; ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɨɫɧɨɜɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ (ɨɛɳɟɫɬɚɧɰɢɨɧɧɵɯ ɢ 
ɚɝɪɟɝɚɬɧɵɯ) ɩɨ ɪɚɡɧɵɦ ɫɟɤɰɢɹɦ ɲɢɧ; ɨɛɟɫɩɟɱɟɧɢɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɜɨɞɚ 
ɪɟɡɟɪɜɧɨɝɨ ɩɢɬɚɧɢɹ (ȺȼɊ) ɥɸɛɨɣ ɫɟɤɰɢɢ ɲɢɧ ɋɇ ɜɫɟɯ ɧɚɩɪɹɠɟɧɢɣ ɢ 
ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ. 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɬ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɧɚ ɧɚɩɪɹɠɟɧɢɢ 6 
ɤȼ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɥɟɤɬɧɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 
(ɄɊɍ), ɪɚɫɩɨɥɚɝɚɟɦɵɯ ɜ ɧɟɡɚɬɚɩɥɢɜɚɟɦɨɣ ɱɚɫɬɢ Ƚɗɋ. ɄɊɍ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɨɞɧɨɣ 
ɫɟɤɰɢɨɧɢɪɨɜɚɧɧɨɣ ɜɵɤɥɸɱɚɬɟɥɟɦ ɧɚ ɞɜɟ ɫɟɤɰɢɢ ɫɢɫɬɟɦɨɣ ɲɢɧ ɫ ɭɫɬɪɨɣɫɬɜɨɦ 
ȺȼɊ. Ʉɚɠɞɚɹ ɫɟɤɰɢɹ ɩɢɬɚɟɬɫɹ ɨɬ ɧɟɡɚɜɢɫɢɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ.  
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɧɚɩɪɹɠɟɧɢɢ 0,4 ɤȼ ɨɪɝɚɧɢɡɭɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɤɨɦɩɥɟɤɬɧɵɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɩɨɞɫɬɚɧɰɢɣ 6/0,4 ɤȼ (ɄɌɉ ɋɇ), 
10 
 
ɪɚɫɩɨɥɚɝɚɟɦɵɯ ɜ ɧɟɡɚɬɚɩɥɢɜɚɟɦɨɣ ɱɚɫɬɢ Ƚɗɋ. ɉɨɧɢɠɚɸɳɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɵ 
ɄɌɉ ɩɨɞɤɥɸɱɚɸɬɫɹ ɤ ɪɚɡɥɢɱɧɵɦ ɫɟɤɰɢɹɦ ɄɊɍ 6 ɤȼ ɢɥɢ ɤ ɞɪɭɝɢɦ ɧɟɡɚɜɢɫɢɦɵɦ 
ɢɫɬɨɱɧɢɤɚɦ ɩɢɬɚɧɢɹ.  
ɉɢɬɚɧɢɟ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ 0,4 ɤȼ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɨɬ ɄɌɉ ɋɇ, ɢɥɢ ɨɬ ɜɬɨɪɢɱɧɵɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 0,4 ɤȼ (ɫɛɨɪɤɢ, 
ɲɤɚɮɵ ɢ ɞɪ.) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɳɧɨɫɬɢ ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ 
ɧɚɞɟɠɧɨɫɬɢ ɢɯ ɩɢɬɚɧɢɹ. 
ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɯɟɦɵ ɋɇ Ƚɗɋ ɨɛɭɫɥɨɜɥɟɧɚ ɫɬɚɪɟɧɢɟɦ 
ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɟɣ ɢ ɦɨɪɚɥɶɧɵɦ ɫɬɚɪɟɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
ȼ ɪɚɦɤɚɯ ɪɚɛɨɬɵ ɩɪɟɞɥɨɠɟɧɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɫɯɟɦɵ ɩɢɬɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ ɑɟɛɨɤɫɚɪɫɤɨɣ Ƚɗɋ. ɗɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɧɚɯɨɞɢɬɫɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫ 1980-ɯ ɝɨɞɨɜ, ɮɢɡɢɱɟɫɤɢ ɢ ɦɨɪɚɥɶɧɨ ɭɫɬɚɪɟɥɨ ɢ 
ɬɪɟɛɭɟɬ ɡɚɦɟɧɵ ɢ ɩɪɢɜɟɞɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɫɨɜɪɟɦɟɧɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɢ 
ɧɨɪɦɚɦɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɭɫɬɚɧɨɜɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɦɟɠɞɭ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ (Ɍɋɇ) ɢ ɛɥɨɱɧɵɦɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ 
1Ɍ ɢ 4Ɍ, ɬɚɤ ɠɟ ɜɵɛɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ,  ɭɩɪɨɳɟɧɢɹ 
ɭɩɪɚɜɥɟɧɢɹ ɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. ɍɫɬɚɧɨɜɥɟɧɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɯ ɨɛɴɟɦɨɜ ɪɟɦɨɧɬɨɜ ɧɚ 
ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɫɪɨɤɚ  ɷɤɫɩɥɭɚɬɚɰɢɢ. 
 
1.2 Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
Ʉɨɪɨɬɤɢɦ ɡɚɦɵɤɚɧɢɟɦ (ɄɁ) ɹɜɥɹɟɬɫɹ ɜɫɹɤɨɟ ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɟ 
ɧɨɪɦɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɪɚɛɨɬɵ ɫɨɟɞɢɧɟɧɢɟ ɞɜɭɯ ɬɨɱɟɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɰɟɩɢ 
(ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɥɢ ɱɟɪɟɡ ɩɪɟɧɟɛɪɟɠɢɬɟɥɶɧɨ ɦɚɥɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ). 
ɉɪɢɱɢɧɚɦɢ ɄɁ ɹɜɥɹɸɬɫɹ ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨɜɪɟɠɞɟɧɢɹ ɢɡɨɥɹɰɢɢ, ɟё ɩɪɨɛɨɣ ɢɡ-ɡɚ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ ɢ ɫɬɚɪɟɧɢɹ, ɨɛɪɵɜɵ, ɧɚɛɪɨɫɵ ɢ ɫɯɥёɫɬɵɜɚɧɢɹ ɩɪɨɜɨɞɨɜ 
ɜɨɡɞɭɲɧɵɯ ɥɢɧɢɣ, ɨɲɢɛɨɱɧɵɟ ɞɟɣɫɬɜɢɹ ɩɟɪɫɨɧɚɥɚ. ȼ ɫɥɟɞɫɬɜɢɢ ɄɁ ɜ ɰɟɩɹɯ 
ɜɨɡɧɢɤɚɸɬ ɨɩɚɫɧɵɟ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɫɟɬɢ ɬɨɤɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɜɵɜɟɫɬɢ ɢɯ ɢɡ 
ɫɬɪɨɹ. ɉɨɷɬɨɦɭ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞёɠɧɨɣ ɪɚɛɨɬɵ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ (ɊɁɢȺ), ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ ɜ ɰɟɥɨɦ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱёɬ ɬɨɤɨɜ ɄɁ. 
Ɍɨɤɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɸɬ ɞɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ 
ɚɩɩɚɪɚɬɨɜ ɢ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ, 
ɞɥɹ ɜɵɛɨɪɚ ɭɫɬɪɨɣɫɬɜ ɩɨ ɨɝɪɚɧɢɱɟɧɢɸ ɷɬɢɯ ɬɨɤɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɵɛɨɪɚ ɢ ɨɰɟɧɤɢ 
ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ.  
Ɋɚɫɱёɬɧɵɦ ɹɜɥɹɟɬɫɹ ɬɪёɯɮɚɡɧɨɟ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ, ɬ.ɤ. ɬɨɤɢ ɄɁ ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɢɦɟɸɬ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ. ɉɪɢ ɪɚɫɱёɬɚɯ ɬɨɤɨɜ ɄɁ ɩɪɢɧɢɦɚɸɬɫɹ 
ɞɨɩɭɳɟɧɢɹ: 
ɚ) ɜɫɟ ɢɫɬɨɱɧɢɤɢ, ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɩɢɬɚɧɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɬɨɱɤɢ ɄɁ, 
ɪɚɛɨɬɚɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɫ ɧɨɦɢɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ; 
ɛ) ɪɚɫɱёɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɤɚɠɞɨɣ ɫɬɭɩɟɧɢ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ  
ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ 5 % ɜɵɲɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ; 
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ɜ) ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ ɧɚɫɬɭɩɚɟɬ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɭɞɚɪɧɵɣ ɬɨɤ ɄɁ ɛɭɞɟɬ ɢɦɟɬɶ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ; 
ɝ) ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɦɟɫɬɚ ɄɁ ɫɱɢɬɚɟɬɫɹ ɪɚɜɧɵɦ ɧɭɥɸ; 
ɞ) ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɫɞɜɢɝ ɩɨ ɮɚɡɟ ɗȾɋ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ, 
ɜɯɨɞɹɳɢɯ ɜ ɪɚɫɱёɬɧɭɸ ɫɯɟɦɭ; 
ɟ) ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ёɦɤɨɫɬɢ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɟɦɤɨɫɬɧɵɟ ɬɨɤɢ ɜ 
ɜɨɡɞɭɲɧɵɯ ɢ ɤɚɛɟɥɶɧɵɯ ɫɟɬɹɯ; 
ɠ) ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɬɨɤɢ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ; 
ɡ) ɧɚɩɪɹɠɟɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɨɫɬɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵɦ. 
ȼ ɫɜɹɡɢ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɪɨɜɟɪɤɢ ɜɵɛɢɪɚɟɦɨɝɨ ɫɢɥɨɜɨɝɨ ɢ 
ɤɨɦɦɭɬɚɰɢɨɧɧɨɝɨ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɩɪɚɜɢɥɶɧɭɸ ɪɚɛɨɬɭ ɜ ɪɟɠɢɦɚɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɪɚɜɢɥɶɧɨɣ ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜ ɊɁɢȺ 
ɪɚɫɱёɬɧɵɦ ɜɢɞɨɦ ɄɁ ɹɜɥɹɟɬɫɹ ɬɪёɯɮɚɡɧɨɟ ɫɢɦɦɟɬɪɢɱɧɨɟ ɄɁ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɪɚɫɱёɬɚ ɜɵɛɢɪɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ. 
 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ 
ɫɬɨɣɤɨɫɬɶ ɬɪɟɛɭɟɬ, ɱɬɨɛɵ ɜ ɜɟɬɜɢ ɫ ɄɁ ɩɪɨɬɟɤɚɥ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɣ ɬɨɤ. 
ɗɬɨɬ ɪɟɠɢɦ ɬɪɟɛɭɟɬ ɜɤɥɸɱɟɧɢɹ ɜ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɟ ɜɫɟɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɢ 
ɜɟɬɜɟɣ ɫɜɹɡɢ. Ɍɚɤɨɣ ɪɟɠɢɦ ɧɚɡɵɜɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɦ. 
ɉɪɨɜɟɪɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɭɫɬɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɞɨɥɠɧɚ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱёɬɨɦ ɪɟɦɨɧɬɧɵɯ ɪɟɠɢɦɨɜ ɫɟɬɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɨɬɤɥɸɱɟɧɚ ɱɚɫɬɶ 
ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɢ ɜɟɬɜɟɣ ɫɜɹɡɢ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɬɨɤ ɄɁ ɱɟɪɟɡ ɩɪɨɜɟɪɹɟɦɭɸ 
ɡɚɳɢɬɭ ɛɵɥ ɦɢɧɢɦɚɥɶɧɵɦ. 
Ɉɞɧɚɤɨ, ɯɨɬɹ ɪɚɫɱёɬɧɵɟ ɪɟɠɢɦɵ ɢ ɜɢɞɵ ɩɨɜɪɟɠɞɟɧɢɹ ɞɥɹ ɩɪɨɜɟɪɤɢ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɭɫɬɪɨɣɫɬɜ ɊɁɢȺ ɞɨɥɠɧɵ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ, ɢɫɯɨɞɹ ɢɡ 
ɧɚɢɛɨɥɟɟ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, ɜɵɛɪɚɧɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ 
ɞɨɥɠɟɧ ɛɵɬɶ ɪɟɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ ɜɵɛɢɪɚɸɬ ɪɚɫɱɟɬɧɭɸ 
ɫɯɟɦɭ ɫɟɬɢ, ɨɩɪɟɞɟɥɹɸɬ ɜɢɞ ɄɁ, ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɬɨɱɟɤ ɄɁ ɧɚ ɫɯɟɦɟ ɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ. 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɬɨɤɨɜ ɄɁ ɫɨɫɬɚɜɥɹɟɦ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ (ɉɪɢɥɨɠɟɧɢɟ Ⱥ, 
ɪɢɫɭɧɨɤ Ⱥ.1) ɢ ɨɩɪɟɞɟɥɹɟɦ ɟё ɩɚɪɚɦɟɬɪɵ. 
Ɋɚɫɱёɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢɛɥɢɠɟɧɧɵɦ ɦɟɬɨɞɨɦ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ, 
ɩɨɷɬɨɦɭ ɧɚɞɨ ɩɪɢɧɹɬɶ ɛɚɡɢɫɧɵɟ ɭɫɥɨɜɢɹ. ɉɚɫɩɨɪɬɧɵɟ ɞɚɧɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ 
ɢ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɜɹɡɢ ɫɬɚɧɰɢɢ ɫ ɫɢɫɬɟɦɨɣ ɩɪɢɜɟɞɟɧɵ ɜ ɉɪɢɥɨɠɟɧɢɢ Ⱥ. 
Ɂɚ ɛɚɡɢɫɧɭɸ ɦɨɳɧɨɫɬɶ ɩɪɢɧɢɦɚɟɦ ɧɨɦɢɧɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɫɢɫɬɟɦɵ, ɡɚ 
ɛɚɡɢɫɧɨɟ ɧɚɩɪɹɠɟɧɢɟ – ɫɪɟɞɧɟɟ ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɬɭɩɟɧɢ ɄɁ, ɬɨɝɞɚ:                                        
Ȼɚɡɢɫɧɵɟ ɬɨɤɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
                                  (1.1) 
  
 Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɵɜɚɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ: 
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                                          (1.2) 
                                                    (1.3) 
                                
 
                                 




UɄȼ = 0,5∙(UɄȼɋ + UɄȼɇ – UɄɋɇ) = 0,5∙(10,5 + 33,5 – 21) = 11,5 %;    (1.5) 
 
UɄɋ = 0,5∙(UɄȼɋ + UɄɋɇ – UɄȼɇ) = 0,5∙(10,5 + 21 – 33,5) = 0 %    (1.6) 
 
UɄɇ = 0,5∙(UɄȼɇ + UɄɋɇ – UɄȼɋ) = 0,5∙(33,5 + 21 –10,5) = 22 %.    (1.7) 
                                                               (1.8) 
                                      
                                                        (1.9) 
 
ɇɚɣɞёɦ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ Ʉ1 ɢ ɬɨɱɤɟ Ʉ5, ɞɥɹ ɷɬɨ ɫɜɟɪɧɟɦ 
ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ: 
                                                    
                                             
                                              
                                             
13 
 
                                           
                                         
                              
                                              
                                   
                                                    
                                      
                                        (1.10) 
 
                                           
 
 ɇɚɣɞёɦ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ Ʉ2: 
                                         
                                         
                                            
                       
                                      
                                             
                                              
 
                                             
14 
 
                                                        
                              
 
ɇɚɣɞёɦ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ Ʉ3:  
                                         
                                         
                                            
                        
                                             
                                      
                                              
                                  
                                                       
                                   
                                          
 
ɇɚɣɞёɦ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɨɱɤɟ Ʉ4 (ɉɪɢɥɨɠɟɧɢɟ Ⱥ, ɪɢɫɭɧɨɤ 
Ⱥ.2): 
Ɇɚɪɤɚ ɤɚɛɟɥɹ ɐȺȺȻɥ ɫɟɱɟɧɢɟɦ (3ɯ95) ɦɦ2 ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: 
ɚɤɬɢɜɧɨɟ ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ          Ɉɦ/ɤɦ, ɪɟɚɤɬɢɜɧɨɟ ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ          Ɉɦ/ɤɦ, ɞɥɢɧɨɣ ɥɢɧɢɢ        ɤɦ. 




                                                 
                                                    
                                              
 
Ɂɧɚɹ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɩɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ ɢ ɩɪɨɜɟɪɤɭ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ. 
 
1.3 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɬɨɤɨɜɟɞɭɳɢɯ 
ɱɚɫɬɟɣ ɋɇ Ƚɗɋ 
 
1.3.1 ȼɵɛɨɪ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ 
 
ɉɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɟɣ ɪɭɤɨɜɨɞɫɬɜɭɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɭɫɥɨɜɢɹɦɢ: 
1) ɩɨ ɪɨɞɭ ɭɫɬɚɧɨɜɤɢ: ɨɬɤɪɵɬɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ (ɈɊɍ) 
ɢɥɢ ɡɚɤɪɵɬɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ (ɁɊɍ); 
2) ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ (         ) ɞɨɥɠɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ (       ): 
                    
 
          (1.11) 
3) ɜɵɤɥɸɱɚɬɟɥɶ ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧ ɧɚ ɧɚɝɪɟɜ ɜ ɞɥɢɬɟɥɶɧɨɦ 
ɪɟɠɢɦɟ: 
                      
  
(1.12) 
ɝɞɟ                ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɜɵɤɥɸɱɚɬɟɥɹ. 
4) ɩɪɢ ɜɵɛɨɪɟ ɜɵɤɥɸɱɚɬɟɥɹ ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɨɬɤɥɸɱɟɧɢɹ 
(         ) ɞɨɥɠɧɨ ɫɨɛɥɸɞɚɬɶɫɹ ɭɫɥɨɜɢɟ: 
                 
  
 (1.13)   
ɝɞɟ        ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɄɁ ɤ ɜɪɟɦɟɧɢ ɪɚɡɦɵɤɚɧɢɹ 
ɤɨɧɬɚɤɬɨɜ ɜɵɤɥɸɱɚɬɟɥɹ (τ). 
Ⱦɥɹ ɜɵɛɨɪɚ ɧɨɦɢɧɚɥɶɧɵɯ ɬɨɤɨɜ ɚɩɩɚɪɚɬɨɜ, ɫɟɱɟɧɢɣ ɲɢɧ ɢ ɤɚɛɟɥɟɣ 
ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ Ɋɍ ɢ  ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɬɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɪɚɛɨɱɢɟ 
ɬɨɤɢ ɧɨɪɦɚɥɶɧɨɝɨ           ɢ ɭɬɹɠɟɥɟɧɧɨɝɨ           ɪɟɠɢɦɨɜ.   
16 
 
Ɋɚɫɱɟɬɧɨɟ ɜɪɟɦɹ τ ɨɩɪɟɞɟɥɹɸɬ ɤɚɤ ɫɭɦɦɭ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɪɟɦɟɧɢ 
ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ (tɫɨɛ.ɜɵɤɥ) ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ ɡɚɳɢɬɵ ɩɪɢɧɢɦɚɟɦɨɝɨ ɪɚɜɧɵɦ 0,01 ɫ: 
 
                          (1.14) 
 
5) ɭɫɥɨɜɢɟ ɜɵɛɨɪɚ ɩɨ ɩɨɥɧɨɦɭ ɬɨɤɭ ɨɬɤɥɸɱɟɧɢɹ: 
                                     (1.15) 
  
ɝɞɟ       – ɧɨɦɢɧɚɥɶɧɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜ ɬɨɤɟ ɜɵɤɥɸɱɚɬɟɥɹ, ɪɢɫɭɧɨɤ 2.37 [2];      – ɧɨɦɢɧɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɨɬɤɥɸɱɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                                      (1.16) 
  
ɝɞɟ         – ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɨɤɚ ɄɁ, ɞɥɹ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɬɢɩɚ «ɫɢɫɬɟɦɚ»          ;     – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ            ,  ɬɚɛɥɢɰɚ 12.3 [13]; 
6) ɩɪɨɜɟɪɤɚ ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ ɜɤɥɸɱɟɧɢɹ (         : 
                 (1.17) 
               
7) ɭɫɥɨɜɢɟ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɜɵɤɥɸɱɚɬɟɥɹ: 
                          (1.18) 
  
ɝɞɟ             – ɧɚɢɛɨɥɶɲɢɣ ɩɪɟɞɟɥɶɧɵɣ ɫɤɜɨɡɧɨɣ ɬɨɤ ɜɵɤɥɸɱɚɬɟɥɹ, ɬɚɛɥɢɰɚ 2.75 
[2];     – ɭɞɚɪɧɵɣ ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ; 
 
8) ɭɫɥɨɜɢɟ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɜɵɤɥɸɱɚɬɟɥɹ: 
                                          
  
(1.19) 
ɝɞɟ                  – ɧɨɦɢɧɚɥɶɧɨɟ ɜɪɟɦɹ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɬɚɛɥɢɰɚ 2.75 [2];    – ɢɧɬɟɝɪɚɥ Ⱦɠɨɭɥɹ, ɞɥɹ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɬɢɩɚ «ɫɢɫɬɟɦɚ» ɢɧɬɟɝɪɚɥ Ⱦɠɨɭɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 




ɝɞɟ            – ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ:  
                                              (1.21) 
  
ɝɞɟ                ɩɨɥɧɨɟ ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ, ɬɚɛɥɢɰɚ 2.75 [2];          ɜɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɫɧɨɜɧɨɣ ɡɚɳɢɬɵ, ɫɬɪɚɧɢɰɚ 414 [2]; 
9) ɩɪɨɜɟɪɤɚ ɩɨ ɩɟɪɟɯɨɞɧɨɦɭ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɳɟɦɭɫɹ ɧɚɩɪɹɠɟɧɢɸ 
(ɉȼɇ). 
Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɜɹɡɢ ɫ ɫɢɫɬɟɦɨɣ ɧɚɩɪɹɠɟɧɢɟɦ 6 ɤȼ: 
                                                 (1.22) 
                                                          (1.23) 
 
Ⱦɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɨɬɯɨɞɹɳɟɣ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ: 
 
                                                          
 
                                                                    
 
Ⱦɥɹ ɫɬɨɪɨɧɵ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ Ɍɋɇ: 
 
                                                   
 
                                                                       
 
ȼɵɛɪɚɧɧɵɟ ɩɨ ɭɫɥɨɜɢɸ ɪɚɛɨɱɢɯ ɪɟɠɢɦɨɜ ɩɪɨɜɨɞɧɢɤɢ ɢ ɚɩɩɚɪɚɬɵ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɢ ɷɥɟɤɬɪɨɬɟɪɦɢɱɟɫɤɭɸ 
ɫɬɨɣɤɨɫɬɶ ɤ ɬɨɤɚɦ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, ɚ ɜɵɤɥɸɱɚɬɟɥɢ ɜɵɛɪɚɬɶ ɩɨ 
ɤɨɦɦɭɬɚɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ. 
Ɋɚɫɱɟɬ   ɢ       ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ: 
                  (1.24) 
                           (1.25) 
  




Ɍɚɛɥɢɰɚ 1.1 – ȼɪɟɦɹ ɞɟɣɫɬɜɢɹ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɩɪɢɫɨɟɞɢɧɟɧɢɣ 
ɉɪɢɫɨɟɞɢɧɟɧɢɟ Ɍɢɩ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ȼɪɟɦɹ ɞɟɣɫɬɜɢɹ ɄɁ Ĳ, ɫ ,tɨɬɤɥ ɫ 
Ʉɚɛɟɥɶɧɚɹ ɥɢɧɢɹ ɆɌɁ 1,0 0,025 1,04 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɫɱɟɬɧɵɟ 
ɭɫɥɨɜɢɹ. ȼ ɩɨɧɹɬɢɟ ɪɚɫɱɟɬɧɵɯ ɭɫɥɨɜɢɣ ɜɯɨɞɹɬ: ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ, ɜɢɞ, ɬɨɱɤɚ ɢ 
ɜɪɟɦɹ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ.  
Ⱦɚɥɟɟ ɜɟɞɟɬɫɹ ɪɚɫɱɟɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɞɥɹ ɜɫɟɯ ɪɚɫɱёɬɧɵɯ 
ɬɨɱɟɤ. Ɋɚɫɱёɬɧɚɹ ɬɨɱɤɚ: Ʉ1 (Ʉ3); ɪɚɫɱёɬɧɵɣ ɜɢɞ: Ʉ(3); ɪɚɫɱёɬɧɚɹ ɫɯɟɦɚ: ɫɢɫɬɟɦɚ; 
ɪɚɫɱёɬɧɨɟ ɜɪɟɦɹ: 1,04ɨɬɤɥt   ɫ.
 
 
ɋɱɢɬɚɹ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɬɨɤ ɄɁ ɨɬ ɫɢɫɬɟɦɵ ɧɟɡɚɬɭɯɚɸɳɢɦ ɜɨ ɜɪɟɦɟɧɢ, 
ɩɪɢɦɟɧɢɦ ɟɝɨ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɜ ɬɨɱɤɟ Ʉ1: 
                                              




, , , . . .
2 2 11,3 12,41Ɍɚ ɫɚ ɚ ɫ ɩ ɨ ɫi i I ɟ ɟ ɤА

 
         . (1.27) 
 
ɂɧɬɟɝɪɚɥ Ⱦɠɨɭɥɹ ɞɥɹ ɫɯɟɦɵ ɬɢɩɚ «ɫɢɫɬɟɦɚ» ɩɨ ɮɨɪɦɭɥɟ: 
                                                       (1.28) 
 
Ɋɚɫɱёɬɧɚɹ ɬɨɱɤɚ: Ʉ4; ɪɚɫɱёɬɧɵɣ ɜɢɞ: Ʉ(3); ɪɚɫɱёɬɧɚɹ ɫɯɟɦɚ: ɫɢɫɬɟɦɚ; 
ɪɚɫɱёɬɧɨɟ ɜɪɟɦɹ: 1,04ɨɬɤɥt   ɫ.
 
 
ɋɱɢɬɚɹ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɬɨɤ ɄɁ ɨɬ ɫɢɫɬɟɦɵ ɧɟɡɚɬɭɯɚɸɳɢɦ ɜɨ ɜɪɟɦɟɧɢ, 
ɩɪɢɦɟɧɢɦ ɟɝɨ ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɜ ɬɨɱɤɟ Ʉ4. 
                                       





, , , . . .
2 2 10,4 11,45Ɍɚ ɫɚ ɚ ɫ ɩ ɨ ɫi i I ɟ ɟ ɤА

 
         . 
 
ɂɧɬɟɝɪɚɥ Ⱦɠɨɭɥɹ ɞɥɹ ɫɯɟɦɵ ɬɢɩɚ «ɫɢɫɬɟɦɚ» ɩɨ ɮɨɪɦɭɥɟ: 
 
                                                     
 




Ɍɚɛɥɢɰɚ 1.2 – ɉɚɪɚɦɟɬɪɵ ɞɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɉɪɢɫɨɟɞɢɧɟɧɢɟ                                     
ɇɇ 1Ɍɋɇ        11,3 30,35 12,41 145,56 
Ʉɚɛɟɥɶ        10,4 28,01 11,45 123,30 
 
ȼɵɛɟɪɟɦ ɜɵɤɥɸɱɚɬɟɥɶ Q1, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɰɟɩɢ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ 
Ɍɋɇ. ɇɚɦɟɬɢɦ ɩɨ ɭɫɥɨɜɢɹɦ ɪɚɛɨɱɟɝɨ ɪɟɠɢɦɚ:                                   ɢ ɩɨ ɪɨɞɭ ɭɫɬɚɧɨɜɤɢ ɜɚɤɭɭɦɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɬɢɩɚ ȼȼɗ-10-2500/20 ɫ 
ɩɚɪɚɦɟɬɪɚɦɢ:           ;            ;                                                                    ;                        
ɉɪɨɜɟɪɤɚ ɜɵɛɪɚɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 1.3. 
 
Ɍɚɛɥɢɰɚ 1.3 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɇɇ Ɍɋɇ 
ɉɚɪɚɦɟɬɪɵ ȼȼɗ-10-2500/20  Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
ȼɧɭɬɪɟɧɧɟɣ ɭɫɬɚɧɨɜɤɢ  ɄɊɍ            >                          >                                    >                                                          >                                                   >                              >                               >                                            >                
 
ȼɵɛɪɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɬɢɩɚ ȼȼɗ-10-2500/20 ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ 
ɭɫɥɨɜɢɹɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɝɨ ɧɚɦɟɱɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ. 
ȼɵɛɟɪɟɦ ɜɵɤɥɸɱɚɬɟɥɶ Q2, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɩɢɬɚɧɢɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 6/0,4 ɤȼ. ɇɚɦɟɬɢɦ ɩɨ ɭɫɥɨɜɢɹɦ ɪɚɛɨɱɟɝɨ ɪɟɠɢɦɚ                                   ɢ ɩɨ ɪɨɞɭ ɭɫɬɚɧɨɜɤɢ ɜɚɤɭɭɦɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɩɨ 
ɬɚɛɥɢɰɟ 5.1 [2] ɬɢɩɚ BB/TEL-10-12,5/630-ɍ2-45 ɫ ɩɚɪɚɦɟɬɪɚɦɢ:           ;           ;                                                                      ;         . ɉɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 1.4.      
                                                                                              
Ɍɚɛɥɢɰɚ 1.4 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɞɥɹ ɄɊɍ 6 ɤȼ 
ɉɚɪɚɦɟɬɪɵ BB/TEL-10-12,5/630-ɍ2-45  Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 




ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.4 
ɉɚɪɚɦɟɬɪɵ BB/TEL-10-12,5/630-ɍ2-45  Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
ȼɧɭɬɪɟɧɧɟɣ ɭɫɬɚɧɨɜɤɢ  ɄɊɍ                                             >                                                   >                              >                               >                                            >               
 
ȼɵɛɪɚɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ ɬɢɩɚ BB/TEL-10-12,5/630-ɍ2-45 ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɜɫɟɦ ɭɫɥɨɜɢɹɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɝɨ ɧɚɦɟɱɚɟɦ ɤ ɭɫɬɚɧɨɜɤɟ. 
ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɦɟɠɞɭ ɛɥɨɱɧɵɦ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɦ ɢ Ɍɋɇ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 1.5. 
 
Ɍɚɛɥɢɰɚ 1.5 – ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɪɚɡɴɟɞɢɧɢɬɟɥɹ ɧɚ ɧɚɩɪɹɠɟɧɢɟ 13,8 ɤȼ 
ɉɚɪɚɦɟɬɪɵ Ɋȼ-20/630 ɍ3 Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
ȼɧɭɬɪɟɧɧɟɣ ɭɫɬɚɧɨɜɤɢ ɁɊɍ                                                                                                                                    
 
1.3.2 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɩɢɬɚɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɩɪɢɛɨɪɨɜ, ɜɵɛɢɪɚɸɬ ɩɨ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ, ɧɨɦɢɧɚɥɶɧɨɦɭ ɬɨɤɭ 
ɩɟɪɜɢɱɧɨɣ ɰɟɩɢ, ɩɨ ɤɥɚɫɫɭ ɬɨɱɧɨɫɬɢ. ȼ ɪɟɠɢɦɟ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
ɩɪɨɜɟɪɹɸɬ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɢ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɢ. 
ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ (ɌɌ) ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɭɫɥɨɜɢɹɦ: 
1) ɩɨ ɪɨɞɭ ɭɫɬɚɧɨɜɤɢ (ɈɊɍ ɢɥɢ ɁɊɍ). 
2) ɧɨɦɢɧɚɥɶɧɨɟ   ɧɚɩɪɹɠɟɧɢɟ   ɌɌ   (         ɞɨɥɠɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɧɨɦɢɧɚɥɶɧɨɦɭ ɧɚɩɪɹɠɟɧɢɸ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ (        : 
                  
       
 (1.29) 
3) ɩɨ ɧɚɝɪɟɜɭ ɬɨɤɨɦ ɭɬɹɠɟɥɟɧɧɨɝɨ ɪɟɠɢɦɚ: 
                        (1.30) 
                                                                     
ɝɞɟ                ɧɨɦɢɧɚɥɶɧɵɣ ɩɟɪɜɢɱɧɵɣ ɬɨɤ ɌɌ. 4) ɧɨɦɢɧɚɥɶɧɚɹ ɜɬɨɪɢɱɧɚɹ ɧɚɝɪɭɡɤɚ ɌɌ (       ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɤɥɚɫɫɟ ɬɨɱɧɨɫɬɢ ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɚɫɱɟɬɧɨɣ ɜɬɨɪɢɱɧɨɣ ɧɚɝɪɭɡɤɟ ɌɌ (         
21 
 
                                ,  (1.31) 
  
ɝɞɟ            ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɧɬɚɤɬɨɜ (            ), [5]             ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ 
(1.32);  
      ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɜɨ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɌɌ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ ɩɪɨɜɨɞɨɜ: 
                                (1.32) 
                                                                    
ɝɞɟ        ɭɞɟɥɶɧɨɟ   ɫɨɩɪɨɬɢɜɥɟɧɢɟ   ɦɚɬɟɪɢɚɥɚ,   ɞɥɹ   ɩɪɨɜɨɞɨɜ   ɢɡ   
ɚɥɸɦɢɧɢɹ:           [5];     ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɌɌ ɞɨ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɜ ɨɞɢɧ ɤɨɧɟɰ, lɪɚɫɱ = l 
(ɟɫɥɢ ɌɌ ɢ ɩɪɢɛɨɪɵ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɬɪɟɯ ɮɚɡɚɯ) - ɪɚɫɱɟɬɧɚɹ ɞɥɢɧɚ;      ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ. 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                              (1.33) 
                                                                                 
ɝɞɟ           ɦɨɳɧɨɫɬɶ ɩɪɢɛɨɪɨɜ, ɩɨɞɤɥɸɱɚɟɦɵɯ ɤ ɧɚɢɛɨɥɟɟ ɡɚɝɪɭɠɟɧɧɨɣ ɮɚɡɟ;                      ɧɨɦɢɧɚɥɶɧɵɣ ɜɬɨɪɢɱɧɵɣ ɬɨɤ ɌɌ. 5) ɜɵɛɨɪ ɌɌ ɩɨ ɭɫɥɨɜɢɸ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ: 
                           (1.34) 
 
ɝɞɟ                 — ɤɪɚɬɧɨɫɬɶ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ. 
6) ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
                                         
 
(1.35) 
ɝɞɟ                  ɤɪɚɬɧɨɫɬɶ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, [1];              ɞɨɩɭɫɬɢɦɨɟ ɜɪɟɦɹ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ, ɬɚɛɥ.5.9 [5]. 
ȼɵɛɟɪɟɦ ɌɌ ɞɥɹ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɩɨɞɥɟɠɚɳɢɯ ɤ ɭɫɬɚɧɨɜɤɟ ɜ 
ɄɊɍ 6 ɤȼ. 
ɉɪɢɛɨɪɵ, ɩɪɢɫɨɟɞɢɧɹɟɦɵɟ ɤɨ ɜɬɨɪɢɱɧɨɣ ɰɟɩɢ ɌɌ ɢ ɢɯ ɧɚɝɪɭɡɤɚ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.6. ɉɪɢɦɟɧɹɟɬɫɹ ɰɢɮɪɨɜɨɣ ɢɡɦɟɪɢɬɟɥɶɧɵɣ 
ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɩɪɢɛɨɪ ɓɆ120 ɈȺɈ «ɗɥɟɤɬɪɨɩɪɢɛɨɪ»,  
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɢɡɦɟɪɟɧɢɹ, ɨɬɨɛɪɚɠɟɧɢɹ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɰɢɮɪɨɜɨɣ 
ɤɨɞ ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɯɮɚɡɧɵɯ ɫɟɬɟɣ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫ ɫɢɦɦɟɬɪɢɱɧɨɣ ɢ 
ɧɟɫɢɦɦɟɬɪɢɱɧɨɣ ɧɚɝɪɭɡɤɨɣ ɱɚɫɬɨɬɨɣ 45-55Ƚɰ. ɂɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɫɛɨɪɚ ɞɚɧɧɵɯ 
22 
 
ɞɥɹ ɩɟɪɟɞɚɱɢ ɪɟɡɭɥɶɬɚɬɚ ɢɡɦɟɪɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 
ɩɪɢɛɨɪɚ: ɚɦɩɟɪɦɟɬɪɚ, ɜɚɬɬɦɟɬɪɚ, ɜɚɪɦɟɬɪɚ. ɉɨɦɢɦɨ ɷɬɨɝɨ ɭɫɬɚɧɨɜɥɟɧ ɫɱёɬɱɢɤ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɬɪёɯɮɚɡɧɵɣ, ɚɤɬɢɜɧɨ/ɪɟɚɤɬɢɜɧɵɣ «Ɇɟɪɤɭɪɢɣ 233 ȺRT», 
ɩɪɨɢɡɜɨɞɢɦɵɣ ɏɨɥɞɢɧɝɨɜɨɣ ɤɨɦɩɚɧɢɟɣ «ɂɧɤɨɬɟɤɫ». Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ 
ɫɱёɬɱɢɤ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ Ɇɟɪɤɭɪɢɣ 233 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɞɧɨ- ɢɥɢ 
ɞɜɭɧɚɩɪɚɜɥɟɧɧɨɝɨ ɭɱɟɬɚ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ 
ɦɨɳɧɨɫɬɢ ɜ ɬɪɟɯɮɚɡɧɵɯ 3-ɯ ɢɥɢ 4-ɯ ɩɪɨɜɨɞɧɵɯ ɫɟɬɹɯ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɬɚɪɢɮɧɨɝɨ ɭɱёɬɚ ɩɨ ɡɨɧɚɦ ɫɭɬɨɤ, ɞɨɥɝɨɜɪɟɦɟɧɧɨɝɨ ɯɪɚɧɟɧɢɹ ɢ 
ɩɟɪɟɞɚɱɢ ɧɚɤɨɩɥɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɰɢɮɪɨɜɵɦ ɢɧɬɟɪɮɟɣɫɧɵɦ ɩɪɨɜɨɞɧɵɦ 
ɢɥɢ ɛɟɫɩɪɨɜɨɞɧɵɦ ɤɚɧɚɥɚɦ ɫɜɹɡɢ ɜ ɰɟɧɬɪɵ ɫɛɨɪɚ ɢɧɮɨɪɦɚɰɢɢ.  
 
Ɍɚɛɥɢɰɚ 1.6 – ɇɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 
ɉɪɢɛɨɪɵ Ɍɢɩ Ʉɨɥ-ɜɨ ɇɚɝɪɭɡɤɚ, ȼȺ 
Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɩɪɢɛɨɪ ɓɆ120 1 15,0 
ɋɱёɬɱɢɤ Ɇɟɪɤɭɪɢɣ 233 1 2,0 
ɩɪS  17,0 
 
ɋɯɟɦɨɣ ɫɨɟɞɢɧɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɌɌ ɢ ɩɪɨɛɨɪɨɜ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ 
ɜɤɥɸɱɟɧɢɟ ɜ ɧɟɩɨɥɧɭɸ ɩɨɥɧɭɸ ɡɜɟɡɞɭ. ȼ ɤɚɱɟɫɬɜɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɯ 
ɩɪɨɜɨɞɨɜ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɢɛɨɪɨɜ ɩɪɢɦɟɧɹɟɦ ɤɨɧɬɪɨɥɶɧɵɟ ɩɪɨɜɨɞɚ ɫ 
ɚɥɸɦɢɧɢɟɜɵɦɢ ɠɢɥɚɦɢ ɫɟɱɟɧɢɟɦ 24 , 5s ɦɦ l ɦ  . 
Ɉɩɪɟɞɟɥɢɦ                      ɡɧɚɹ, ɱɬɨ               ɧɚɦɟɬɢɦ 
ɪɚɫɱɟɬɧɨɣ ɮɚɡɭ Ⱥ: 
                                                  
                               
 
ɇɚɦɟɬɢɦ ɤ ɭɫɬɚɧɨɜɤɟ ɌɌ ɬɢɩɚ ɌɈɅ-ɋɗɓ-10-21 ɫ ɩɚɪɚɦɟɬɪɚɦɢ:                                           ɞɥɹ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ 0,5,                              ɫ ɩɨ ɬɚɛɥ.5.9 [5]. 
Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ:  
                                  
 Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɌɌ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 1.7. 
 
Ɍɚɛɥɢɰɚ 1.7 – ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ 
ɇɨɦɟɪ 
ɮɨɪɦɭɥɵ ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
- ȼɧɭɬɪɟɧɧɹɹ ɭɫɬɚɧɨɜɤɚ ɄɊɍ 
(1.29)                           
(1.30)                                   
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.7 
ɇɨɦɟɪ 
ɮɨɪɦɭɥɵ ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
- ȼɧɭɬɪɟɧɧɹɹ ɭɫɬɚɧɨɜɤɚ ɄɊɍ 
(1.31)                             
(1.34) ɧɟ ɧɨɪɦɢɪɭɟɬɫɹ                 
(1.35)                                      
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɨɬɜɟɱɚɟɬ ɜɫɟɦ ɬɪɟɛɨɜɚɧɢɹɦ, 
ɩɪɢɦɟɧɹɟɦ ɟɝɨ ɤ ɭɫɬɚɧɨɜɤɟ. 
 
1.3.3 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 
 
ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ (Ɍɇ) ɞɨɥɠɟɧ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 
ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢɹɦ: 
1) ɩɨ ɪɨɞɭ ɭɫɬɚɧɨɜɤɢ; 
2) ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Ɍɇ (         ɞɨɥɠɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ        : 
                  
 
(1.36) 
3) ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ Ɍɇ (       ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɭɦɦɚɪɧɨɣ ɪɚɫɱɟɬɧɨɣ ɧɚɝɪɭɡɤɟ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ (         
                            (1.37) 
  
ɝɞɟ          - ɫɭɦɦɚɪɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɩɪɢɛɨɪɚɦɢ;       - ɫɭɦɦɚɪɧɚɹ ɪɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɩɪɢɛɨɪɚɦɢ. 
ɉɪɢɛɨɪɵ, ɩɪɢɫɨɟɞɢɧɟɧɧɵɟ ɤ Ɍɇ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 1.8. ɉɪɢɦɟɧɹɟɬɫɹ 
ɰɢɮɪɨɜɨɣ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɩɪɢɛɨɪ ɓɆ120, ɤɨɬɨɪɵɣ ɜ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 
ɩɪɢɛɨɪɚ: ɜɨɥɶɬɦɟɬɪɚ, ɜɚɬɬɦɟɬɪɚ, ɜɚɪɦɟɬɪɚ ɢ ɱɚɫɬɨɬɨɦɟɪɚ. Ɍɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧ 
ɫɱёɬɱɢɤ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ «Ɇɟɪɤɭɪɢɣ 233 ȺRT».  
 
Ɍɚɛɥɢɰɚ 1.8 – ɇɚɝɪɭɡɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 
ɉɪɢɛɨɪɵ Ɍɢɩ Ʉɨɥ-ɜɨ ɇɚɝɪɭɡɤɚ, ȼȺ 
Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɩɪɢɛɨɪ ɓɆ120 1 15,0 
ɋɱёɬɱɢɤ ɚɤɬɢɜɧɨɣ ɢ ɪɟɚɤɬɢɜɧɨɣ 
ɷɧɟɪɝɢɢ 
Ɇɟɪɤɭɪɢɣ 
233 1 2,0 
ɩɪS  17,0 
 
ɇɚɦɟɬɢɦ ɤ ɭɫɬɚɧɨɜɤɟ Ɍɇ ɬɢɩɚ ɇȺɆɂ-6 ɫ ɩɚɪɚɦɟɬɪɚɦɢ:                          ɞɥɹ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ 0,5 ɩɨ ɬɚɛɥ.2.94 [5]. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɛɨɪɚ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 1.9. 
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Ɍɚɛɥɢɰɚ 1.9 – ȼɵɛɨɪ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
ɇɨɦɟɪ ɮɨɪɦɭɥɵ ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
- ȼɧɭɬɪɟɧɧɹɹ ɭɫɬɚɧɨɜɤɚ ɄɊɍ 
(1.36)                         
(1.37)                          
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɇȺɆɂ-6 ɨɬɜɟɱɚɟɬ ɜɫɟɦ 
ɬɪɟɛɨɜɚɧɢɹɦ. 
 
1.3.4 ȼɵɛɨɪ ɲɢɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 
 
ȼɵɛɟɪɟɦ ɲɢɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɧɚ ɜɜɨɞɟ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ. 
Ɉɩɪɟɞɟɥɢɦ ɫɟɱɟɧɢɟ ɲɢɧɵ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ (   ),                     ɬɚɛɥɢɰɚ 10.1 [4],                    
 
                          
 
ȼɵɛɟɪɟɦ ɚɥɸɦɢɧɢɟɜɵɟ ɲɢɧɵ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ (100ɯ6) ɦɦ2 ɫ               , ɦɟɧɶɲɢɣ ɥɢɧɟɣɧɵɣ ɪɚɡɦɟɪ        , ɛɨɥɶɲɢɣ ɥɢɧɟɣɧɵɣ 
ɪɚɡɦɟɪ          , ɩɨ ɬɚɛɥɢɰɟ 7.3 [4]. ɒɢɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ  
(ɪɢɫɭɧɨɤ 1.5). 
 
     1 – ɲɢɧɚ 
 
2 – ɢɡɨɥɹɬɨɪ                     
                    
 
 
Ɋɢɫɭɧɨɤ 1.5 – ɒɢɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ 
 
Ɍ.ɤ.                   , ɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɲɢɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ 
ɩɪɨɯɨɞɢɬ ɩɨ ɭɫɥɨɜɢɸ ɧɚɝɪɟɜɚ:                                   . 
ȼɵɛɢɪɚɟɦ ɨɩɨɪɧɵɣ ɢɡɨɥɹɬɨɪ ɜɧɭɬɪɟɧɧɟɣ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ɂɈ-6-3,75 ɍ3 ɫ 
ɩɚɪɚɦɟɬɪɚɦɢ: Uɧɨɦ. = 6 ɤȼ, ɥɢɧɟɣɧɨɟ ɪɚɡɪɭɲɚɸɳɟ ɭɫɢɥɢɟ Fɪɚɡɪ = 3,75 ɤɇ, ɜɵɫɨɬɚ ɢɡɨɥɹɬɨɪɚ ɇɢɡ = 100 ɦɦ, ɬɚɛɥɢɰɚ 5.7. [4] ȼɵɛɪɚɧɧɭɸ ɲɢɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɩɪɨɜɟɪɹɟɦ ɧɚ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ 
ɫɬɨɣɤɨɫɬɶ. ɒɢɧɵ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɮɚɡɚɦɢ ɚ = 0,5 ɦ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɢɡɨɥɹɬɨɪɚɦɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɮɚɡɵ l = 1,4 ɦ. 
Ɋɚɫɫɱɢɬɚɟɦ ɪɚɫɱɟɬɧɭɸ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɫɢɥɭ, ɞɟɣɫɬɜɭɸɳɭɸ ɧɚ 
ɫɪɟɞɧɸɸ ɮɚɡɭ ɲɢɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ (     ), ɭɱɢɬɵɜɚɹ              











Ɋɚɫɱɟɬɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɝɨɥɨɜɤɭ ɢɡɨɥɹɬɨɪɚ (Fɢɡ): 
                                                    (1.39) 
                                          ɬ.ɟ. ɦɟɯɚɧɢɱɟɫɤɚɹ 
ɩɪɨɱɧɨɫɬɶ ɢɡɨɥɹɬɨɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. 
ɂɡɝɢɛɚɸɳɢɣ ɦɨɦɟɧɬ ɨɬ       (    ):  
                                   (1.40) 
 
Ɇɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɟɱɟɧɢɹ ɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɧɚɩɪɚɜɥɟɧɢɸ ɞɟɣɫɬɜɢɹ ɪɚɫɱɟɬɧɨɣ ɫɢɥɵ (  ): 
                          (1.41) 
 
Ⱦɨɩɭɫɬɢɦɨɟ ɦɟɯɚɧɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ıɞɨɩ = 49 Ɇɉɚ ɩɨ ɬɚɛɥɢɰɟ 1.16 [4]. Ɍ.ɤ. ɪɚɫɱɟɬɧɨɟ ɦɟɯɚɧɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɲɢɧɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ (ıɪɚɫɱ) ɨɩɪɟɞɟɥɹɟɦɨɟ ɩɨ (1.42): 
                                              (1.42) 
 
ɬɨ ɞɚɧɧɚɹ ɲɢɧɚ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢ ɫɬɨɣɤɨɣ ɤ ɬɨɤɚɦ ɄɁ. 
ɉɪɨɜɟɪɢɦ ɜɵɛɪɚɧɧɭɸ ɲɢɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɧɚ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ. 
Ⱦɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ            , ɬɚɛɥɢɰɟ  1.12 [4], 
ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ       ,  ɬɚɛɥɢɰɟ 1.13 [4]. Ɍɟɦɩɟɪɚɬɭɪɚ, ɞɨ ɤɨɬɨɪɨɣ ɧɚɝɪɟɥɫɹ ɩɪɨɜɨɞɧɢɤ, ɡɚ ɜɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɩɨ 
ɧɟɦɭ ɪɚɛɨɱɟɝɨ ɬɨɤɚ (  ) ɨɩɪɟɞɟɥɹɟɦ ɩɨ (1.43): 
                                            (1.43) 
 
ɝɞɟ       – ɫɪɟɞɧɟɦɟɫɹɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɢɛɨɥɟɟ ɠɚɪɤɨɝɨ ɦɟɫɹɰɚ ɫɪɟɞɧɟɣ ɤɥɢɦɚɬɢɱɟɫɤɨɣ ɡɨɧɵ (        ), ɬɚɛɥɢɰɟ 1.12 [4]. 
 
                                 
 
ɉɨ ɪɢɫɭɧɤɭ 1.1 [4]  ɞɥɹ ν1 = 60,8ɨɋ ɧɚɣɞɟɦ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ                             
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Ɂɧɚɹ,                  ɫɟɱɟɧɢɟ ɚɥɸɦɢɧɢɟɜɨɣ ɲɢɧɵ                   600 ɦɦ2, ɧɚɣɞɟɦ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɝɪɟɜɚ (      ): 
                                                              (1.44) 
 
ɉɨ ɪɢɫɭɧɤɭ 1.1 [4]  ɞɥɹ                           ɨɩɪɟɞɟɥɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɞɨ ɤɨɬɨɪɨɣ ɧɚɝɪɟɥɫɹ ɩɪɨɜɨɞɧɢɤ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɩɨ ɧɟɦɭ ɬɨɤɨɜ ɄɁ:         Ɍ.ɤ. ɤɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ:              ɩɨ 
ɬɚɛɥɢɰɟ 1.14 [4] ɛɨɥɶɲɟ       , ɬɨ ɜɵɛɪɚɧɧɚɹ ɲɢɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɹɜɥɹɟɬɫɹ ɬɟɪɦɢɱɟɫɤɢ ɫɬɨɣɤɨɣ ɤ ɬɨɤɚɦ ɄɁ. 
 
1.3.5 ȼɵɛɨɪ ɢ ɩɪɨɜɟɪɤɚ ɫɟɱɟɧɢɹ ɤɚɛɟɥɟɣ ɩɨ ɧɚɝɪɟɜɭ ɬɨɤɨɦ ɤɨɪɨɬɤɨɝɨ 
ɡɚɦɵɤɚɧɢɹ 
 
ɉɨɞ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɩɨɧɢɦɚɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɨɜɨɞɧɢɤɨɜ 
ɜɵɞɟɪɠɢɜɚɬɶ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɜ ɬɟɱɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ 
ɜɪɟɦɟɧɢ, ɧɟ ɧɚɝɪɟɜɚɹɫɶ ɜɵɲɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɞɨɩɭɫɬɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 
Ɂɚ ɪɚɫɱɟɬɧɵɣ ɩɪɢɧɢɦɚɟɬɫɹ ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɜ ɪɚɫɱɟɬɧɨɣ ɄɁ, ɤɨɬɨɪɚɹ 
ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɧɚɱɚɥɟ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ. 
Ʉɪɚɬɤɨɜɪɟɦɟɧɧɨ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɤɚɛɟɥɟɣ ɫ ɋɉɗ- ɢɡɨɥɹɰɢɟɣ 
ɧɚ ɧɚɩɪɹɠɟɧɢɟ 6 ɤȼ ɪɚɜɧɚ 250ºɋ. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɪɢɝɨɞɧɨɫɬɢ ɤɚɛɟɥɟɣ ɤ 
ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨ ɭɫɥɨɜɢɸ ɧɟ ɜɨɡɝɨɪɚɧɢɹ ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɟ 
ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 400ºɋ. 
ɉɪɨɜɟɪɤɟ ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɢ ɩɪɢɝɨɞɧɨɫɬɢ ɤ ɞɚɥɶɧɟɣɲɟɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɞɥɟɠɢɬ ɤɚɛɟɥɶ 6 ɤȼ Ⱥɉɜɉ ɫɟɱɟɧɢɟɦ (3×120) ɦɦ2, ɫ ɦɟɞɧɵɦɢ 
ɠɢɥɚɦɢ, ɫ ɋɉɗ - ɢɡɨɥɹɰɢɟɣ, ɩɢɬɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɋɇ 
ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 6/0,4 ɤȼ ɦɨɳɧɨɫɬɶɸ 1000 ɤȼȺ, ɩɪɢɫɨɟɞɢɧɟɧɧɵɣ ɤ 1 ɄɊɍ-1 ɫ 
ɧɚɢɛɨɥɶɲɢɦ ɬɨɤɨɦ ɄɁ:              Ɋɚɫɱɟɬ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɦɟɬɨɞɢɤɚɦ, ɢɡɥɨɠɟɧɧɵɦ 
ɜ [13]. 
ɚ) Ɋɚɫɱɟɬ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ      ɤɚɛɟɥɹ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɤ. ɡ. ɩɨ [16] ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ 
ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ: 
                     
 
(1.45) 
ɝɞɟ  S – ɫɟɱɟɧɢɟ ɮɚɡɵ ɤɚɛɟɥɹ, ɦɦ2. 
Ʉɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ          ɡɚɞɚɧɵ ɪɢɫɭɧɤɨɦ 5.1 [5]. 
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1. Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɛɟɥɹ      ɞɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɩɪɢ ɧɚɝɪɟɜɟ ɟɝɨ ɬɨɤɨɦ ɪɚɛɨɱɟɝɨ ɪɟɠɢɦɚ: 
                                           (1.46) 
 
ɝɞɟ     – ɮɚɤɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɜ ɞɚɧɧɨɦ ɪɚɫɱɟɬɟ ɩɪɢɧɹɬɚɹ ɪɚɜɧɨɣ ɧɨɦɢɧɚɥɶɧɨɣ;         – ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ºɋ, ɞɥɹ ɤɚɛɟɥɟɣ 6 ɤȼ ɫ ɋɉɗ 
ɢɡɨɥɹɰɢɟɣ ɪɚɜɧɚɹ 90ºɋ;        – ɧɨɦɢɧɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ⱦɥɹ ɤɚɛɟɥɟɣ, 
ɩɪɨɥɨɠɟɧɧɵɯ ɜ ɜɨɡɞɭɯɟ , ɪɚɜɧɚɹ 25ºɋ;      – ɡɧɚɱɟɧɢɟ ɪɚɛɨɱɟɝɨ ɬɨɤɚ, Ⱥ;         – ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ ɤɚɛɟɥɹ, ɢɡ ɚɥɸɦɢɧɢɹ ɫ ɋɉɗ - 
ɢɡɨɥɹɰɢɟɣ ɩɪɢɜɨɞɢɦɵɣ ɜ [16] ɢ ɪɚɜɧɵɣ 250 Ⱥ. 
Ⱦɥɹ ɤɚɛɟɥɹ, ɩɢɬɚɸɳɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɦɨɳɧɨɫɬɶɸ 1000 ɤȼȺ: 
 
                                     
 
                                                             
 
ɝɞɟ        ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼȺ;       ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɨɛɦɨɬɤɢ ɜɵɫɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤȼ. ɋ ɭɱɟɬɨɦ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɛɟɥɹ, ɩɪɟɞɲɟɫɬɜɭɸɳɚɹ ɄɁ 
ɪɚɜɧɚ:  
                                   
 
2. ɉɨ ɪɚɫɫɱɢɬɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɫɩɨɥɶɡɭɹ ɪɢɫɭɧɨɤ 5.1 [5], ɨɩɪɟɞɟɥɹɟɬɫɹ                          3. Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɢɧɬɟɝɪɚɥ Ⱦɠɨɭɥɹ ɞɥɹ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɬɢɩɚ ɫɢɫɬɟɦɚ ɩɨ 
ɮɨɪɦɭɥɟ: 
                                              
 
(1.47) 
ɝɞɟ      – ɫɨɫɬɚɜɥɹɸɳɚɹ ɢɧɬɟɝɪɚɥɚ Ⱦɠɨɭɥɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɬɨɤɨɦ ɤ.ɡ.;     – ɫɨɫɬɚɜɥɹɸɳɚɹ ɢɧɬɟɝɪɚɥɚ Ⱦɠɨɭɥɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɚɩɟɪɢɨɞɢɱɟɫɤɢɦ ɬɨɤɨɦ ɤ.ɡ.; 
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    – ɞɟɣɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɬɨɤɚ ɄɁ, ɤȺ;       – ɜɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɄɁ, ɫ;     – ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɡɚɬɭɯɚɧɢɹ ɚɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɨɤɚ ɄɁ, ɫ, ɩɪɢɧɹɬɚɹ ɞɥɹ Ɋɍ 6 ɤȼ ɪɚɜɧɨɣ 0,01 ɫ [4]. 
Ɋɚɧɟɟ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ȼɤ = 145,56 ɤȺ2∙ɫ. 
4. Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɬɟɪɦɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɝɪɟɜɚ ɩɪɨɜɨɞɧɢɤɚ ɩɨ (1.44):  
                                                              
 
































2 ȼɵɛɨɪ ɫɟɬɢ 0,4 ɤȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɣ ɩɨɞɫɬɚɧɰɢɢ ɩɢɬɚɧɢɹ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɋɇ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. ȼɵɛɨɪ ɫɩɨɫɨɛɚ ɩɪɨɤɥɚɞɤɢ ɫɟɬɢ 
ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 
 
2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɦɨɳɧɨɫɬɢ ɢ ɧɚɝɪɭɡɨɤ 
 
2.1.1 Ɋɚɫɱɟɬ ɫɢɥɨɜɨɣ ɧɚɝɪɭɡɤɢ 
 
Ɂɧɚɱɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɜɵɛɨɪɚ ɢ ɩɪɨɜɟɪɤɢ 
ɩɪɨɜɨɞɧɢɤɨɜ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɨ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɨɬɟɪɶ ɢ ɨɬɤɥɨɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɣ, 
ɤɨɥɟɛɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ, ɜɵɛɨɪɚ ɡɚɳɢɬɵ ɢ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. 
 ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɧɚɝɪɭɡɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɭɩɨɪɹɞɨɱɟɧɧɵɯ 
ɞɢɚɝɪɚɦɦ. ɗɥɟɤɬɪɨɩɪɢɟɦɧɢɤɢ (ɗɉ) ɢɦɟɸɬ ɥɢɛɨ ɩɨɫɬɨɹɧɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ 
(ɝɪɭɩɩɚ Ȼ), ɥɢɛɨ ɩɟɪɟɦɟɧɧɵɣ ɝɪɚɮɢɤ ɧɚɝɪɭɡɤɢ (ɝɪɭɩɩɚ Ⱥ), ɷɬɨ ɡɚɜɢɫɢɬ ɨɬ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ (Ʉɢ,i): Ʉɢ,i< 0,75 – ɝɪɭɩɩɚ Ⱥ; Ʉɢ,i  0,75 – ɝɪɭɩɩɚ Ȼ. ɋ ɭɱɟɬɨɦ ɝɪɭɩɩ Ⱥ ɢ Ȼ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ (Ɋɪ) ɢ ɪɚɫɱɟɬɧɚɹ ɪɟɚɤɬɢɜɧɚɹ (Qɪ) ɦɨɳɧɨɫɬɢ ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɪɟɞɧɢɟ ɚɤɬɢɜɧɵɟ (Ɋɫ) ɢ 
ɪɟɚɤɬɢɜɧɵɟ (Qɫ) ɦɨɳɧɨɫɬɢ. 
 Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɟ ɱɢɫɥɨ ɗɉ (nɗ) ɩɨ ɮɨɪɦɭɥɟ: 
                             (2.1) 
 
ɝɞɟ     Pɧɨɦ, Ⱥ - ɫɭɦɦɚɪɧɚɹ ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɗɉ,  Ɋɧɨɦ,i  – ɧɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ i-ɝɨ ɗɉ, ɤȼɬ;  
m - ɤɨɥɢɱɟɫɬɜɨ ɝɪɭɩɩ ɗɉ;  
ni - ɤɨɥɢɱɟɫɬɜɨ ɗɉ i-ɨɣ ɝɪɭɩɩɵ. Ʉɨɷɮɮɢɰɢɟɧɬ ɦɚɤɫɢɦɭɦɚ (Ʉɦ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ Ʉɢ ɢ nɷ. Ʉɨɷɮɮɢɰɢɟɧɬ ɦɚɤɫɢɦɭɦɚ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɟɞɢɧɢɰɟ 
ɜ ɫɥɭɱɚɟ, ɟɫɥɢ          ɢɥɢ       . Ʉɨɷɮɮɢɰɢɟɧɬ ɦɚɤɫɢɦɭɦɚ ɩɨ ɪɟɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ (Ʉɦ’) ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ     ȿɫɥɢ      , ɬɨ Ʉɦ’=1, ɟɫɥɢ      , ɬɨ Ʉɦ’=1,1. ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɱɟɬɧɨɣ ɦɨɳɧɨɫɬɢ Ɋɪ ɝɪɭɩɩɵ ɨɧɚ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ 
ɫɭɦɦɚɪɧɨɣ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɬɪɟɯ ɧɚɢɛɨɥɟɟ ɦɨɳɧɵɯ ɗɉ ɝɪɭɩɩɵ (P3max). ȿɫɥɢ ɨɧɚ ɨɤɚɠɟɬɫɹ ɦɟɧɶɲɟ, ɬɨ ɡɚ ɪɚɫɱɟɬɧɭɸ ɩɪɢɧɢɦɚɟɬɫɹ P3 max. ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɞɥɹ Ɍɉ-3ɇ «ɇɌȼɋ-1». 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ: 
1. ɇɚɫɨɫɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ –                   
2. ɇɚɫɨɫɵ ɨɬɤɚɱɤɢ ɞɪɟɧɚɠɧɵɯ ɜɨɞ  –                  
3. Ɋɟɦɨɧɬɧɚɹ ɫɛɨɪɤɚ  3ɇ-3 –                  
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1 ɝɪɭɩɩɚ - ɧɚɫɨɫɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ                                  ;  
2 ɝɪɭɩɩɚ - ɧɚɫɨɫɵ ɨɬɤɚɱɤɢ ɞɪɟɧɚɠɧɵɯ ɜɨɞ (Ʉu = 0,6; cos = 0,7; tg = 1,0); 
3 ɝɪɭɩɩɚ – ɪɟɦɨɧɬɧɚɹ ɫɛɨɪɤɚ 3ɇ-3 (Ʉu = 0,1; cos = 0,45; tg = 1,98). 
Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 2.1.                      
 




ɦɨɳɧɨɫɬɶ ɜ ɟɞ. ɤȼɬ Kɢ cosφ tgφ 
ɇɚɫɨɫɵ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ 5 250 0,65 0,8 0,75 
ɇɚɫɨɫɵ ɨɬɤɚɱɤɢ 
ɞɪɟɧɚɠɧɵɯ ɜɨɞ 4 16 0,6 
 
0,7 1,0 
Ɋɟɦɨɧɬɧɚɹ ɫɛɨɪɤɚ 1 80 0,1 0,45 1,98 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɧɚɝɪɭɡɨɤ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ. 
 
PȺɋɑȿɌ ɗɅȿɄɌPɂɑȿɋɄɂɏ ɇȺȽPɍɁɈɄ 
 
ɇɚɝpɭɡɤɢ ɢɡɦɟpɹɸɬɫɹ ɜ ɤȼɬ, ɤɜɚp, ɤȼȺ, ɤȺ. 
 
               ɂɋɏɈȾɇɕȿ ȾȺɇɇɕȿ 
 
        Ɉɛɴɟɤɬ pɚɫɱɟɬɚ – Ɍɉ-3ɇ 
        ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩpɹɠɟɧɢɟ =   0.38 ɤȼ 
        ---------------------------------------------------------- 
ɇɨɦɟp  Ʉɨɥɢɱɟɫɬɜɨ    Pɧɨɦ     Ʉɨɷɮɮɢɰɢɟɧɬ   Ʉɨɷɮɮɢɰɢɟɧɬ 
ɝpɭɩɩɵ ɗɉ ɨɞɧɨɝɨ ɗɉ  ɦɨɳɧɨɫɬɢ (ɋɈS) ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
        ---------------------------------------------------------- 
           1         5       250.00       0.800        0.650 
           2         4        16.00       0.700        0.600 




     ȼɫɟ ɗɉ ɫ ɩɟpɟɦɟɧɧɵɦ ɝpɚɮɢɤɨɦ ɧɚɝpɭɡɤɢ (ɝpɭɩɩɚ Ⱥ) 
 
     ȼɫɟɝɨ ɩɨ ɨɛɴɟɤɬɭ: 
 
    Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬpɨɩpɢɟɦɧɢɤɨɜ        N            10 
    ɇɨɦɢɧɚɥɶɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ      Pɧɨɦ    924.000 
      ɇɨɦɢɧɚɥɶɧɚɹ pɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ  Qɧɨɦ    803.650 
 
      ɗɮɮɟɤɬɢɜɧɨɟ ɱɢɫɥɨ ɗɉ                            Nɷ        6.330 
      Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ                    Kɢ        0.600 
      Ʉɨɷɮɮɢɰɢɟɧɬ ɦɚɤɫɢɦɭɦɚ                          Kɦ        1.357 




ɋpɟɞɧɹɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ           Pc      754.400 
ɋpɟɞɧɹɹpɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ         Qc      632.809 
ɋpɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ    COS       0.788 
 
Pɚɫɱɟɬɧɚɹ ɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ      Pp      1082.216 
Pɚɫɱɟɬɧɚɹpɟɚɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ   Qp      873.090 
ɉɨɥɧɚɹ pɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ        Sp      1390.220 
Pɚɫɱɟɬɧɵɣ ɬɨɤ                                Ip      1.35259 
         
2.1.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ ɰɟɯɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ, ɟɟ ɬɢɩɚ, 
ɬɢɩɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɢ ɦɨɳɧɨɫɬɶ 
 
ȼɵɛɨɪ ɱɢɫɥɚ ɢ ɦɨɳɧɨɫɬɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɰɟɯɨɜɵɯ Ɍɉ 
Ɋɚɫɱɟɬɧɚɹ ɧɚɝɪɭɡɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 
                                                                (2.2) 
 
Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɰɟɯɨɜɵɦ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɦ ɩɨɞɫɬɚɧɰɢɹɦ 
Ⱦɥɹ ɩɢɬɚɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɋɇ Ƚɗɋ ɫɥɭɠɢɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ 
ɤɨɦɩɥɟɤɬɧɵɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ ɧɚɩɪɹɠɟɧɢɟɦ 6-10 ɤȼ ɜɧɭɬɪɟɧɧɟɣ 
(ɄɌɉ) ɭɫɬɚɧɨɜɤɢ, ɢɯ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɬɨɤɨɜɟɞɭɳɢɟ ɱɚɫɬɢ ɧɚɯɨɞɹɬɫɹ ɜ 
ɡɚɤɪɵɬɵɯ ɨɛɨɥɨɱɤɚɯ. 
Ʉɨɥɢɱɟɫɬɜɨ Ɍɉ ɜɥɢɹɟɬ ɧɚ ɡɚɬɪɚɬɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 6 ɤȼ, 
ɜɧɭɬɪɟɧɧɢɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ. 
Ɉɞɧɨɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢ ɧɚɥɢɱɢɢ 
ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɫɟɪɜɟɪɚ ɢ ɩɪɢ ɜɡɚɢɦɧɨɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨ 
ɥɢɧɢɹɦ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɨɫɟɞɧɢɯ Ɍɉ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ 2 ɤɚɬɟɝɨɪɢɢ, ɩɪɢ 
ɧɚɥɢɱɢɢ ɜ ɫɟɬɢ 380ȼ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ (20%) ɩɨɬɪɟɛɢɬɟɥɟɣ 1 ɤɚɬɟɝɨɪɢɢ 
ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɩɨɫɬɪɨɟɧɢɢ ɫɯɟɦɵ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ 3 
ɤɚɬɟɝɨɪɢɢ ɩɪɢ ɧɚɥɢɱɢɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɪɟɡɟɪɜɚ. 
Ⱦɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ: 
- ɩɪɢ ɩɪɟɨɛɥɚɞɚɧɢɢ ɩɨɬɪɟɛɢɬɟɥɟɣ 1 ɤɚɬɟɝɨɪɢɢ; 
- ɞɥɹ ɫɨɫɪɟɞɨɬɨɱɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɢ ɨɬɞɟɥɶɧɨ ɫɬɨɹɳɢɯ ɨɛɴɟɤɬɨɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ (ɧɚɫɨɫɧɵɟ ɢ ɤɨɦɩɪɟɫɫɨɪɧɵɟ ɫɬɚɧɰɢɢ); 
- ɞɥɹ ɨɛɴɟɤɬɨɜ ɫ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɧɚɝɪɭɡɤɢ (ɜɵɲɟ 0,5 - 
0,7 ɤȼȺ/ɦ). 
Ɂɚɝɪɭɡɤɚ Ɍɉ ɡɚɜɢɫɢɬ ɨɬ ɤɚɬɟɝɨɪɢɢ ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɟɦɧɢɤɨɜ, ɨɬ ɱɢɫɥɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɫɩɨɫɨɛɚ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ. 







Ɍɚɛɥɢɰɚ  2.2 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚ ɩɨɞɫɬɚɧɰɢɹɯ 
ɏɚɪɚɤɬɟɪ ɧɚɝɪɭɡɤɢ ɢ ɜɢɞ Ɍɉ Ʉɡ 
ɉɪɢ ɩɪɟɨɛɥɚɞɚɧɢɢ ɧɚɝɪɭɡɨɤ 1 ɤɚɬɟɝɨɪɢɢ ɧɚ ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ Ɍɉ 0,65 
ɉɪɢ ɩɪɟɨɛɥɚɞɚɧɢɢ ɧɚɝɪɭɡɤɢ 2 ɤɚɬɟɝɨɪɢɢ ɧɚ ɨɞɧɨɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ Ɍɉ ɢ 
ɜɡɚɢɦɧɨɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɩɨ ɫɜɹɡɢ ɜɬɨɪɢɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 0,8 
ɉɪɢ ɩɪɟɨɛɥɚɞɚɧɢɢ ɧɚɝɪɭɡɨɤ 2 ɤɚɬɟɝɨɪɢɢ ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ 
(ɫɤɥɚɞɫɤɨɝɨ) ɪɟɡɟɪɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ, ɩɪɢ ɧɚɝɪɭɡɤɟ 3 ɤɚɬɟɝɨɪɢɢ 0,9 - 0,95 
 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɡɚɝɪɭɡɤɢ ɜ ɩɟɪɜɵɯ ɞɜɭɯ ɫɥɭɱɚɹɯ ɨɩɪɟɞɟɥɟɧɵ ɢɫɯɨɞɹ ɢɡ 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɜɡɚɢɦɧɨɝɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɬɵ ɨɞɧɨɝɨ ɢɡ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫ ɭɱɟɬɨɦ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ ɨɫɬɚɜɲɟɝɨɫɹ ɜ ɪɚɛɨɬɟ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɪɟɡɟɪɜɢɪɭɸɳɟɝɨ ɚɜɚɪɢɣɧɵɣ. 
ɉɪɚɜɢɥɚɦɢ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɞɨɩɭɫɤɚɟɬɫɹ ɩɟɪɟɝɪɭɡɤɚ ɨɞɧɨɝɨ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɞɨ 140% ɜ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɞɨ 5 ɫɭɬɨɤ, 
ɧɨ ɧɟ ɛɨɥɟɟ 6 ɱɚɫɨɜ ɜ ɫɭɬɤɢ, ɬ.ɟ. ɩɪɢ ɝɪɚɮɢɤɚɯ ɫɪɟɞɧɟɣ ɩɥɨɬɧɨɫɬɢ. 
ɑɢɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɰɟɯɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
                 (2.3) 
 
ɝɞɟ        ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɪɢɧɢɦɚɟɦɵɣ ɞɥɹ ɰɟɯɨɜ ɫ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɧɚɝɪɭɡɤɨɣ II ɤɚɬɟɝɨɪɢɢ ɩɪɢ ɨɞɧɨɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ 
ɩɨɞɫɬɚɧɰɢɹɯ ɫ ɜɡɚɢɦɧɵɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟɦ 0,7-0,8. 
ɉɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ ɤɨɥɢɱɟɫɬɜɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɞɥɹ ɪɚɫɫɱɢɬɵɜɚɟɦɨɣ Ɍɉ: 
                            
 
Ɍɚɤ ɤɚɤ ɧɚɫɨɫɧɚɹ ɨɬɧɨɫɢɬɫɹ ɤ ɩɨɬɪɟɛɢɬɟɥɹɦ I ɤɚɬɟɝɨɪɢɢ, ɚ ɡɧɚɱɢɬ, 
ɩɨɥɭɱɚɟɬ ɩɢɬɚɧɢɟ ɨɬ ɞɜɭɯ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɪɢɧɢɦɚɟɦ 
ɞɜɭɯɬɪɚɧɫɮɨɪɦɚɬɨɪɧɭɸ ɩɨɞɫɬɚɧɰɢɸ. 
ɉɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ ɜɵɛɢɪɚɟɦ ɦɚɪɤɭ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɬɚɛɥɢɰɚ 2.110 
[2], ɟɝɨ ɩɚɪɚɦɟɬɪɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.3. 
 
Ɍɚɛɥɢɰɚ  2.3 – ɉɚɪɚɦɟɬɪɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ  
Ɇɚɪɤɚ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ Uk% IXX% ΔPXX (ɤȼɬ) ΔPɤɡ (ɤȼɬ) 
ɌɋɁɍ-1000/10 7,56 0,811 2 7,3 
  
Ɉɩɪɟɞɟɥɹɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɜ ɧɨɪɦɚɥɶɧɨɦ ɢ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ: 




ɝɞɟ         ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɰɟɯɚ;       ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
                               (2.5) 
 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɦɨɳɧɨɫɬɶɸ 2ɯ1000 ɤȼȺ ɩɨɞɯɨɞɹɬ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɬ.ɤ. 
ɩɟɪɟɝɪɭɡɤɚ ɨɞɧɨɝɨ ɢɡ ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɜ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ 140%. ɉɪɢɧɢɦɚɟɦ 
ɩɨɞɫɬɚɧɰɢɸ ɫ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɦɢ ɦɨɳɧɨɫɬɶɸ 2ɯ1000 ɤȼȺ. 
ɉɨ ɫɩɪɚɜɨɱɧɢɤɭ ɜɵɛɢɪɚɟɦ ɬɢɩ ɰɟɯɨɜɨɣ ɩɨɞɫɬɚɧɰɢɢ: 2ɄɌɉ-1000/10/0,4 
ɍ3.  
 
2.1.3 ȼɵɛɨɪ ɫɯɟɦɵ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ  
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɚɟɬɫɹ ɬɨɥɶɤɨ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɯɟɦ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɟɣ ɩɪɟɞɩɪɢɹɬɢɹ. ɉɪɢ ɷɬɨɦ ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶɫɹ 
ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɧɨɪɦ ɋɇ 174 - 74. 
1.      Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ 
ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɩɨ ɪɚɞɢɚɥɶɧɵɦ, ɦɚɝɢɫɬɪɚɥɶɧɵɦ ɢ ɫɦɟɲɚɧɧɵɦ ɫɯɟɦɚɦ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɧɚɝɪɭɡɨɤ, ɜɟɥɢɱɢɧɵ 
ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɢ ɞɪɭɝɢɯ ɯɚɪɚɤɬɟɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ 
ɩɪɟɞɩɪɢɹɬɢɹ.  
2.      ɋɯɟɦɵ ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ ɨɞɧɨ – ɢ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɦɢ. 
3.      ɋɯɟɦɚ ɞɨɥɠɧɚ ɫɬɪɨɢɬɶɫɹ ɬɚɤ, ɱɬɨɛɵ ɜɫɟ ɟɟ ɷɥɟɦɟɧɬɵ ɩɨɫɬɨɹɧɧɨ 
ɧɚɯɨɞɢɥɢɫɶ ɩɨɞ ɧɚɝɪɭɡɤɨɣ, ɚ ɩɪɢ ɚɜɚɪɢɢ ɧɚ ɨɞɧɨɦ ɢɡ ɧɢɯ ɨɫɬɚɜɲɢɟɫɹ ɜ ɪɚɛɨɬɟ 
ɦɨɝɥɢ ɩɪɢɧɹɬɶ ɧɚ ɫɟɛɹ ɟɝɨ ɧɚɝɪɭɡɤɭ ɩɭɬɟɦ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɟɟ ɦɟɠɞɭ ɫɨɛɨɣ ɫ 
ɭɱɟɬɨɦ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ. 
4.      ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɫɯɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ 1 ɢ 2-ɣ 
ɤɚɬɟɝɨɪɢɣ ɞɨɥɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɝɥɭɛɨɤɨɟ ɫɟɤɰɢɨɧɢɪɨɜɚɧɢɟ ɜɨ ɜɫɟɯ ɡɜɟɧɶɹɯ 
ɫɯɟɦɵ. 
5.      ɋɯɟɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɨɬ Ɍɋɇ ɞɨ 
ɄɊɍ ɧɚ ɧɚɩɪɹɠɟɧɢɟ 6 ɤȼ ɩɪɢɧɢɦɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ: 
- ɧɚ ɤɪɭɩɧɵɯ ɷɧɟɪɝɨɟɦɤɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɩɪɢ ɩɟɪɟɞɚɱɟ ɜ ɨɞɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɦɨɳɧɨɫɬɢ ɛɨɥɟɟ 15-20 ɆȼȺ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 6 ɤȼ, ɛɨɥɟɟ 25-35 
ɆȼȺ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 10 ɤȼ ɢ ɛɨɥɟɟ 35 ɆȼȺ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 35 ɤȼ –
ɦɚɝɢɫɬɪɚɥɶɧɵɟ ɢ ɪɚɞɢɚɥɶɧɵɟ ɫɯɟɦɵ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɟ ɫ ɩɨɦɨɳɶɸ 
ɬɨɤɨɩɪɨɜɨɞɨɜ; 
- ɧɚ ɤɪɭɩɧɵɯ ɢ ɫɪɟɞɧɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɫ ɦɟɧɶɲɢɦɢ ɩɨɬɨɤɚɦɢ 
ɦɨɳɧɨɫɬɢ – ɦɚɝɢɫɬɪɚɥɶɧɵɟ ɢ ɪɚɞɢɚɥɶɧɵɟ ɫɯɟɦɵ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ. Ɋɚɞɢɚɥɶɧɵɟ ɫɯɟɦɵ ɫɥɟɞɭɟɬ ɩɪɢɦɟɧɹɬɶ ɩɪɢ ɧɚɝɪɭɡɤɟ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɪɚɡɥɢɱɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ.  
Ⱦɥɹ ɤɚɠɞɨɝɨ ɜɚɪɢɚɧɬɚ ɫɨɫɬɚɜɥɹɸɬ ɪɚɫɱɟɬɧɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɫɯɟɦɭ ɢ 
ɨɩɪɟɞɟɥɹɸɬ ɫɟɱɟɧɢɟ ɥɢɧɢɣ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ, ɩɨ ɞɨɩɭɫɬɢɦɨɣ 
ɧɚɝɪɭɡɤɟ ɜ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ, ɫ ɩɪɨɜɟɪɤɨɣ ɩɨ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɦɭ ɬɨɤɭ ɫ 
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ɭɱɟɬɨɦ ɩɟɪɟɝɪɭɡɤɢ ɜ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɢ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɬɨɤɭ 
ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 
ȼ ɞɚɧɧɨɣ ɦɚɝɢɫɬɟɪɫɤɨɣ ɪɚɛɨɬɟ ɞɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɰɟɯɚ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɪɚɞɢɚɥɶɧɚɹ ɫɯɟɦɚ. 
 
2.1.4 Ɋɚɫɱɟɬ ɢ ɜɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ 
 
ȼɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɫɨɫɬɨɢɬ ɢɡ: 
 ɜɵɛɨɪ ɫɟɱɟɧɢɹ ɤɚɛɟɥɟɣ ɥɢɧɢɢ; 
 ɜɵɛɨɪ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɧɚ ɜɫɟɯ ɫɬɭɩɟɧɹɯ ɫɯɟɦɵ ɢ 
ɩɪɢɜɟɞɟɧɢɟ ɫɨɝɥɚɫɨɜɚɧɢɹ ɜɵɛɪɚɧɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ ɢ ɬɨɤɨɪɚɫɰɟɩɢɬɟɥɹ 
ɚɜɬɨɦɚɬɚ ɢɥɢ ɬɨɤɚ ɩɥɚɜɤɨɣ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ. 
 




Ɋɢɫɭɧɨɤ 2.1 – ɋɯɟɦɚ Ɍɉ-3ɇ 
 
ɉɪɢɧɢɦɚɟɦ ɫɥɟɞɭɸɳɢɟ ɞɥɢɧɵ ɤɚɛɟɥɟɣ: 
                                                                  ȼ ɤɚɱɟɫɬɜɟ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɤɚɛɟɥɟɣ ɜɵɛɢɪɚɟɦ ɦɚɪɤɭ Ⱥɉ8ɉɝ 3ɯ95/35-10. 
ȼ ɤɚɱɟɫɬɜɟ ɧɢɡɤɨɜɨɥɶɬɧɵɯ ȺȼȼȽ (2-9 ɤɚɛɟɥɶ). 
ɋɩɨɫɨɛ ɩɪɨɤɥɚɞɤɢ ɤɚɛɟɥɹ: ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ ɤɚɛɟɥɶ ɩɪɨɤɥɚɞɵɜɚɟɬɫɹ ɜ 
ɬɪɭɛɟ, ɧɢɡɤɨɜɨɥɶɬɧɵɟ ɤɚɛɟɥɢ - ɜ ɥɨɬɤɚɯ. 
ȼɵɱɢɫɥɹɟɦ ɪɚɫɱɟɬɧɵɣ ɬɨɤ ɥɢɧɢɢ ɩɨ ɮɨɪɦɭɥɟ: 
 ɫɪɚɡɭ ɩɨɫɥɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ: 
35 
 
        ɧ Ɍ                            
 
ɝɞɟ        – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼȺ; 
Uɧ.Ɍ – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɤȼ (ɩɪɢɧɢɦɚɟɦ 0,4 ɤȼ); 
 
 ɥɢɧɢɹ ɤ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɸ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ: 
                             
 
ɝɞɟ         ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɤȼɬ;       ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɲɢɧɨɩɪɨɜɨɞɚ (Ɋɍ), ɤȼ (ɩɪɢɧɢɦɚɟɦ 0,38 
ɤȼ);     ɄɉȾ ɞɜɢɝɚɬɟɥɹ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.4 
 
















1 5 ɲɬ. ɇɌȼɋ 250 ɤȼɬ 0,9 0,8 337,55 Ⱥ 
2 4 ɲɬ. Ⱦɇ 16 ɤȼɬ 0,9 0,7 26,51 Ⱥ 
 
 ɥɢɧɢɹ ɤ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ (ɪɟɦɨɧɬɧɚɹ ɫɛɨɪɤɚ): 
                                               ,       
 
ɝɞɟ             – ɦɚɤɫɢɦɚɥɶɧɚɹ ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɪɟɦɨɧɬɧɨɣ ɫɛɨɪɤɢ, ɤȼȺ;           – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ (ɩɪɢɧɢɦɚɟɦ 0,38 ɤȼ). 
ɉɨ ɜɟɥɢɱɢɧɟ ɪɚɫɱɟɬɧɨɝɨ ɬɨɤɚ ɨɩɪɟɞɟɥɹɟɦ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ ɢɥɢ ɤɚɛɟɥɹ ɩɨ 
ɬɚɛɥɢɰɚɦ 2.2   2.4. ɋɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ ɢɥɢ ɤɚɛɟɥɹ ɜɵɛɢɪɚɸɬ ɬɚɤ, ɱɬɨɛɵ 
ɜɵɩɨɥɧɹɥɨɫɶ ɭɫɥɨɜɢɟ: 
             (2.9) 
                                                   
ɝɞɟ         – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚ ɭɫɥɨɜɢɹ ɩɪɨɤɥɚɞɤɢ ɤɚɛɟɥɟɣ. 
Ɋɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.5. 
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Ɍɚɛɥɢɰɚ 2.5 – ȼɵɛɨɪ ɫɟɱɟɧɢɹ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 





2 ɇɌȼɋ-1 ȺȼȼȽ 2ɯ(1ɯ95) 250 337,55 
3 Ⱦɇ-1, Ⱦɇ-3 ȺȼȼȽ 1ɯ(2ɯ10) 55 26,51 
4 ɇɌȼɋ-3 ȺȼȼȽ 2ɯ(1ɯ95) 250 337,55 
5 ɇɌȼɋ-5 ȺȼȼȽ 2ɯ(1ɯ95) 250 337,55 
6 ɇɌȼɋ-2 ȺȼȼȽ 2ɯ(1ɯ95) 250 337,55 
7 Ⱦɇ-2, Ⱦɇ-4 ȺȼȼȽ 1ɯ(2ɯ10) 55 26,51 
8 ɇɌȼɋ-4 ȺȼȼȽ 2ɯ(1ɯ95) 250 337,55 
9 Ɋɟɦ.ɫɛɨɪɤɚ ȺȼȼȽ 1ɯ(2ɯ50) 270 269,17 
 
ɉɪɚɜɢɥɶɧɨɫɬɶ ɜɵɛɨɪɚ ɫɟɱɟɧɢɹ ɤɚɛɟɥɟɣ ɩɪɨɜɟɪɹɟɦ ɩɨ ɩɨɬɟɪɟ ɧɚɩɪɹɠɟɧɢɹ. 
ɉɨɫɤɨɥɶɤɭ ɧɚ ɡɚɠɢɦɚɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɪɚɡɪɟɲɚɟɬɫɹ ɨɬɤɥɨɧɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɩɪɟɞɟɥɚɯ (-5)-(+10)% ɨɬ Uɧɨɦ, ɬɨ ɜ ɩɨɞɜɨɞɹɳɢɯ ɠɢɥɚɯ ɤɚɛɟɥɟɣ ɞɨɩɭɫɤɚɟɬɫɹ ɩɨɬɟɪɹ ɧɚɩɪɹɠɟɧɢɹ: 
              (2.10) 
 
ɉɪɨɜɟɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɥɹ ɯɚɪɚɤɬɟɪɧɨɣ ɥɢɧɢɢ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ. 
Ɉɛɵɱɧɨ ɷɬɨ ɥɢɧɢɹ ɫ ɧɚɢɛɨɥɟɟ ɦɨɳɧɵɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɢɥɢ ɧɚɢɛɨɥɟɟ 
ɭɞɚɥɟɧɧɵɦ ɩɨɬɪɟɛɢɬɟɥɟɦ.  
Ⱦɥɹ ɩɪɢɦɟɪɚ ɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɦ ɞɥɹ ɇɌȼɋ-1. 
Ɋɚɫɫɱɢɬɚɟɦ ɩɨɬɟɪɢ ɧɚɩɪɹɠɟɧɢɹ: 
                                                 (2.11) 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɛɟɥɶ ɜɵɛɪɚɧ ɜɟɪɧɨ. Ⱥɧɚɥɨɝɢɱɧɨ ɩɪɨɜɟɪɹɟɦ ɨɫɬɚɥɶɧɵɟ 
ɤɚɛɟɥɢ.  
Ⱦɥɹ ɪɟɦɨɧɬɧɨɣ ɫɛɨɪɤɢ ɜɵɛɢɪɚɟɦ: ɩɭɧɤɬ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ (ɫɛɨɪɤɚ 0,4 
ɤȼ) - ɉɊ 85-8-114-21-ɍ3. 
ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɫɟɬɟɣ ɞɥɢɬɟɥɶɧɵɟ ɩɟɪɟɝɪɭɡɤɢ ɩɪɨɜɨɞɨɜ ɢ 
ɤɚɛɟɥɟɣ, ɄɁ ɜɵɡɵɜɚɸɬ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɨɤɨɩɪɨɜɨɞɹɳɢɯ ɠɢɥ ɛɨɥɶɲɟ 
ɞɨɩɭɫɬɢɦɨɣ. 
ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ ɢɡɧɨɫɭ ɢɯ ɢɡɨɥɹɰɢɢ, ɫɥɟɞɫɬɜɢɟɦ ɱɟɝɨ 
ɦɨɠɟɬ ɛɵɬɶ ɩɨɠɚɪ, ɜɡɪɵɜ ɜɨ ɜɡɪɵɜɨɨɩɚɫɧɵɯ ɩɨɦɟɳɟɧɢɹɯ, ɩɨɪɚɠɟɧɢɟ 
ɩɟɪɫɨɧɚɥɚ. 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɷɬɨɝɨ ɥɢɧɢɹ ɗɋɇ ɢɦɟɟɬ ɚɩɩɚɪɚɬ ɡɚɳɢɬɵ, 
ɨɬɤɥɸɱɚɸɳɢɣ ɩɨɜɪɟɠɞɟɧɧɵɣ ɭɱɚɫɬɨɤ. 
Ⱥɩɩɚɪɚɬɚɦɢ ɡɚɳɢɬɵ ɹɜɥɹɸɬɫɹ: ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ, 




Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɦɢ 
ɚɩɩɚɪɚɬɚɦɢ ɡɚɳɢɬɵ, ɧɚɞɟɠɧɵɦɢ, ɫɪɚɛɚɬɵɜɚɸɳɢɦɢ ɩɪɢ ɩɟɪɟɝɪɭɡɤɚɯ ɢ ɄɁ ɜ 
ɡɚɳɢɳɚɟɦɨɣ ɥɢɧɢɢ. 
ɇɚɢɛɨɥɟɟ ɫɨɜɪɟɦɟɧɧɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ ɫɟɪɢɢ ȼȺ 
ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɡɚɦɟɧɵ ɭɫɬɚɪɟɜɲɢɯ A37, Ⱥȿ, ȺȼɆ ɢ «ɗɥɟɤɬɪɨɧ». 
Ɉɧɢ ɢɦɟɸɬ ɭɦɟɧɶɲɟɧɧɵɟ ɝɚɛɚɪɢɬɵ, ɫɨɜɟɪɲɟɧɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɭɡɥɵ ɢ 
ɷɥɟɦɟɧɬɵ. Ɋɚɛɨɬɚɸɬ ɜ ɫɟɬɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɟ 
ɜɵɤɥɸɱɚɬɟɥɢ ɫɟɪɢɢ ȼȺ ɧɚɢɛɨɥɟɟ ɫɨɜɪɟɦɟɧɧɵɟ ɢ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɤɨɦɩɥɟɤɬɧɵɯ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɜ ɜɢɞɟ ɪɚɡɥɢɱɧɵɯ ɤɨɦɛɢɧɚɰɢɣ. 
ȼɵɤɥɸɱɚɬɟɥɢ ɫɟɪɢɢ ȼȺ ɪɚɡɪɚɛɨɬɨɤ 51, 52, 53, 55 ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 
ɨɬɤɥɸɱɟɧɢɣ ɩɪɢ ɄɁ ɢ ɩɟɪɟɝɪɭɡɤɚɯ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɹɯ, ɨɬɤɥɸɱɟɧɢɣ ɩɪɢ 
ɧɟɞɨɩɭɫɬɢɦɵɯ ɫɧɢɠɟɧɢɹɯ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɧɟɱɚɫɬɵɯ ɨɩɟɪɚɬɢɜɧɵɯ 
ɜɤɥɸɱɟɧɢɣ ɢ ɨɬɤɥɸɱɟɧɢɣ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ. 
Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ ɜɵɛɢɪɚɸɬɫɹ ɫɨɝɥɚɫɧɨ ɭɫɥɨɜɢɹɦ: 
 ɞɥɹ ɥɢɧɢɢ ɛɟɡ ɗȾ                         
 ɞɥɹ ɥɢɧɢɢ ɫ ɨɞɧɢɦ ɗȾ                               
 ɞɥɹ ɝɪɭɩɩɨɜɨɣ ɥɢɧɢɢ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɗȾ                           . 
ɉɪɨɢɡɜɨɞɢɦ ɪɚɫɱɟɬ ɢ ɜɵɛɨɪ ɚɜɬɨɦɚɬɨɜ ɢ ɜɜɨɞɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ: 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɨɜ ɚɩɩɚɪɚɬɨɜ ɡɚɳɢɬɵ ɛɟɪɭɬɫɹ ɢɡ ɫɜɨɞɧɨɣ 
ɜɟɞɨɦɨɫɬɢ ɧɚɝɪɭɡɨɤ. 
1. Ʌɢɧɢɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪ – ɲɢɧɵ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ (Ɍ – ɒɇɇ), 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ SF-1(SF-2), ɥɢɧɢɹ ɛɟɡ ɗȾ: 
 
Ɍɨɤ ɜ ɥɢɧɢɢ ɫɨɫɬɚɜɢɬ:                                 
 
Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ SF-1(SF-2) ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ: 
 
                                 
 
ɉɨ ɫɩɪɚɜɨɱɧɢɤɭ ɜɵɛɢɪɚɟɦ ɚɜɬɨɦɚɬ ɗ-16ȼ. Ɍɨɬ ɠɟ ɬɢɩ ɩɪɢɧɢɦɚɟɦ ɢ ɞɥɹ 
ɫɟɤɰɢɨɧɧɨɝɨ ɚɜɬɨɦɚɬɚ (SF-3). 
Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.6. 
 
Ɍɚɛɥɢɰɚ 2.6 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɜɬɨɦɚɬɚ ɗ-16ȼ     , ȼ     , Ⱥ     , Ⱥ Iɭ(ɩ), Ⱥ Iɤ(ɤɡ), Ⱥ Iɞ, ɤȺ 
380 1000 1000 1250 3000 45 
 
2. Ʌɢɧɢɹ ɲɢɧɵ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ – Ⱦɇ-1, Ⱦɇ-3 (ɒɇɇ – Ⱦɇ-1, Ⱦɇ-
3), ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ SF-5 (SF-9), ɥɢɧɢɹ ɫ ɝɪɭɩɩɨɣ ɗȾ. Ɍɚɤ ɤɚɤ ɤ 
ɷɬɨɦɭ ɚɜɬɨɦɚɬɭ ɩɨɞɤɥɸɱɟɧɨ ɞɜɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɬɨ ɩɢɤɨɜɵɣ ɬɨɤ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                         (2.12) 
38 
 
ɝɞɟ          ɩɭɫɤɨɜɨɣ ɬɨɤ ɧɚɢɛɨɥɶɲɟɝɨ ɩɨ ɦɨɳɧɨɫɬɢ ɗȾ; 
Iɦ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɧɚ ɝɪɭɩɩɭ;        ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɧɚɢɛɨɥɶɲɟɝɨ ɩɨ ɦɨɳɧɨɫɬɢ ɗȾ. 
                                      (2.13) 
                                        
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɨɬɫɟɱɤɢ: 
                          ɉɪɢɧɢɦɚɟɬɫɹ:          
 
                                    
 
Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ SF-5 ɜɵɛɢɪɚɟɬɫɹ ɩɨ ɭɫɥɨɜɢɸ: 
 
                                             
 
ɉɨ ɫɩɪɚɜɨɱɧɢɤɭ ɜɵɛɢɪɚɟɦ ɚɜɬɨɦɚɬ Ⱥ3734ɋ ɫ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦ 
ɪɚɫɰɟɩɢɬɟɥɟɦ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.7.  
                                                                                                          
 Ɍɚɛɥɢɰɚ 2.7 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɜɬɨɦɚɬɚ Ⱥ3734ɋ  
Uɧ.ɚ, ȼ Iɧ.ɚ, Ⱥ Iɧ.ɪ, Ⱥ Iɭ(ɩ), Ⱥ Iɤ(ɤɡ), Ⱥ 
380 200 200 250 600 
 
Ⱦɇ-1 ɢ Ⱦɇ-3 ɡɚɩɢɬɚɧ ɤɚɛɟɥɟɦ ȺȼȼȽ, ɩɪɨɥɨɠɟɧɧɵɦ ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɦ 
ɪɭɤɚɜɟ ɜ ɩɨɦɟɳɟɧɢɢ ɫ ɧɨɪɦɚɥɶɧɨɣ ɫɪɟɞɨɣ.  
3. Ʌɢɧɢɹ ɲɢɧɵ ɧɢɡɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ–ɇɌȼɋ-2            (ɒɇɇ – ɇɌȼɋ-2, ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɵɤɥɸɱɚɬɟɥɶ SF-4 (SF-6, SF-7, SF-8, SF-10), ɥɢɧɢɹ ɫ 
ɨɞɧɢɦ ɗȾ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɞɥɢɬɟɥɶɧɵɣ ɬɨɤ ɜ ɥɢɧɢɢ ɩɨ ɮɨɪɦɭɥɟ: 
                                                
 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɪɚɫɰɟɩɢɬɟɥɹ ɚɜɬɨɦɚɬɚ: 
 
                                   
 
ɉɨ ɫɩɪɚɜɨɱɧɢɤɭ ɩɪɢɧɢɦɚɟɦ Iɧ.ɪ.        
 




ɝɞɟ                                             
 
ɉɪɢɧɢɦɚɟɬɫɹ:       ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɚɜɬɨɦɚɬɚ                 , ɩɪɢɧɢɦɚɟɬɫɹ          . 
ɉɨ ɫɩɪɚɜɨɱɧɢɤɭ ɜɵɛɢɪɚɟɦ ɚɜɬɨɦɚɬ Ⱥ3744ɋ ɫ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦ 
ɪɚɫɰɟɩɢɬɟɥɟɦ. 
Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.8. 
 
Ɍɚɛɥɢɰɚ 2.8 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɜɬɨɦɚɬɚ Ⱥ3744ɋ      , ȼ     , Ⱥ     , Ⱥ Iɭ(ɩ), Ⱥ Iɤ(ɤɡ), Ⱥ 
380 500 500 625 2500 
 
ɇɌȼɋ-1 ɡɚɩɢɬɚɧ ɤɚɛɟɥɟɦ ȺȼȼȽ, ɩɪɨɥɨɠɟɧɧɵɦ ɜ ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɝɢɛɤɨɦ 
ɪɭɤɚɜɟ ɜ ɩɨɦɟɳɟɧɢɢ ɫ ɧɨɪɦɚɥɶɧɨɣ ɫɪɟɞɨɣ. 
Ⱦɚɥɶɧɟɣɲɢɟ ɪɚɫɱɟɬɵ ɜɵɩɨɥɧɹɸɬɫɹ ɢɞɟɧɬɢɱɧɨ ɢ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 2.9.  
                                                                                 



































ɨɪ – ɲɢɧɵ 
ɧɢɡɤɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ  






































Ʌɢɧɢɹ  ɲɢɧɵ 
ɧɢɡɤɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ – 
Ⱦɇ-1, 2,  Ⱦɇ-
3, 4 









55 ȺȼȼȽ 1ɯ(2ɯ10) 
















270 ȺȼȼȽ 1ɯ(2ɯ50) 
 
2.2 Ʉɨɧɫɬɪɭɤɬɢɜɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ, 
ɭɫɬɪɨɣɫɬɜɚ ɤɨɦɩɥɟɤɬɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɫɟɪɢɢ SIMOPRIME 
 
Ʉɨɦɩɥɟɤɬɧɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ (ɄɊɍ) ɫɟɪɢɢ SIMOPRIME ɤɨɦɩɚɧɢɢ 
«Siemens» ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɩɪɢɟɦɚ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɬɪɟɯɮɚɡɧɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɱɚɫɬɨɬɨɣ 50 Ƚɰ ɢ 60 Ƚɰ ɧɚ ɧɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ (6) 12 ɤȼ, ɩɪɢɦɟɧɢɦɵ ɞɥɹ ɜɫɟɯ ɬɢɩɨɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ 
40 
 
ɩɨɞɫɬɚɧɰɢɣ, ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ ɜɫɟɯ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 
ɜɤɥɸɱɚɹ ɨɛɴɟɤɬɵ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ. 
  ɒɤɚɮɵ ɄɊɍ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɨɧɫɬɪɭɤɰɢɸ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɱɟɬɵɪɟɯ 
ɨɬɫɟɤɨɜ: ɥɢɧɟɣɧɨɝɨ ɨɬɫɟɤɚ, ɨɬɫɟɤɚ ɫɛɨɪɧɵɯ ɲɢɧ, ɨɬɫɟɤɚ ɜɵɤɥɸɱɚɬɟɥɹ ɢ 
ɪɟɥɟɣɧɨɝɨ ɨɬɫɟɤɚ. ȼ ɥɢɧɟɣɧɨɦ ɨɬɫɟɤɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɲɤɚɮɚ ɢ 
ɢɦɟɸɳɟɦ ɞɨɫɬɭɩ ɤɚɤ ɫ ɮɚɫɚɞɧɨɣ, ɬɚɤ ɢ ɫ ɬɵɥɨɜɨɣ ɫɬɨɪɨɧɵ ɲɤɚɮɚ, 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɚɩɩɚɪɚɬɵ ɢ ɩɪɢɛɨɪɵ ɝɥɚɜɧɵɯ ɰɟɩɟɣ. ȼ ɡɚɞɧɟɣ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 
ɲɤɚɮɚ ɪɚɫɩɨɥɨɠɟɧ ɨɬɫɟɤ ɫɛɨɪɧɵɯ ɲɢɧ. ȼ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɪɚɫɩɨɥɨɠɟɧ ɨɬɫɟɤ 
ɜɵɤɥɸɱɚɬɟɥɹ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ ɧɚ ɜɵɤɚɬɧɭɸ ɬɟɥɟɠɤɭ. ȼ ɩɟɪɟɞɧɟɣ ɜɟɪɯɧɟɣ 
ɱɚɫɬɢ ɲɤɚɮɚ, ɜ ɪɟɥɟɣɧɨɦ ɨɬɫɟɤɟ, ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɚɩɩɚɪɚɬɭɪɚ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ 
ɜɬɨɪɢɱɧɵɟ ɰɟɩɢ. 
ɉɪɟɢɦɭɳɟɫɬɜɚ ɄɊɍ: 
 ȼɵɫɨɤɚɹ ɧɚɞёɠɧɨɫɬɶ Ɋɍ; 
 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ ɬɪɟɛɭɸɳɢɯ ɨɛɫɥɭɠɢɜɚɧɢɹ ɜɚɤɭɭɦɧɵɯ ɫɢɥɨɜɵɯ 
ɜɵɤɥɸɱɚɬɟɥɟɣ; 
 ɋɬɨɣɤɢɟ ɤ ɭɞɚɪɚɦ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ ɫɬɟɧɤɢ; 
 ȼɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
 ȼɫɟ ɨɩɟɪɚɰɢɢ ɜɨɡɦɨɠɧɵ ɬɨɥɶɤɨ ɩɪɢ ɡɚɤɪɵɬɨɦ ɩɨɥɨɠɟɧɢɢ ɞɜɟɪɰɵ 
ɨɬɫɟɤɚ ȼɇ; 
 Ɇɟɬɚɥɥɢɱɟɫɤɢɣ ɤɨɪɩɭɫ, ɡɚɳɢɬɧɵɟ ɲɬɨɪɤɢ ɢ ɪɚɡɞɟɥɢɬɟɥɶɧɵɟ 
ɫɬɟɧɤɢ; 
 Ⱦɨɫɬɭɩ ɜ ɹɱɟɣɤɭ ɜɨɡɦɨɠɟɧ ɬɨɥɶɤɨ ɫ ɩɟɪɟɞɧɟɣ ɫɬɨɪɨɧɵ;   
 Ɉɬɞɟɥɶɧɵɟ ɨɬɫɟɤɢ ɞɥɹ ɫɛɨɪɧɵɯ ɲɢɧ, ɤɚɛɟɥɶɧɵɯ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɢ 
ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɚɩɩɚɪɚɬɨɜ;  
 Ʌɨɝɢɱɟɫɤɚɹ ɢ ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɛɥɨɤɢɪɨɜɨɤ; 
 ȼɵɫɨɱɚɣɲɚɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɝɨɬɨɜɧɨɫɬɶ; 
 Ⱦɢɡɚɣɧ ɦɨɞɭɥɶɧɵɯ ɹɱɟɟɤ ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɩɪɨɢɡɜɨɞɢɬɶ ɡɚɦɟɧɭ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɬɫɟɤɨɜ; 
 ȼɨɡɦɨɠɧɨɫɬɶ ɜɵɛɨɪɨɱɧɨɝɨ ɨɬɤɥɸɱɟɧɢɹ ɩɪɢ ɜɟɪɨɹɬɧɨɦ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɞɭɝɢ; 
 ɂɫɩɵɬɚɧɢɟ ɤɚɛɟɥɟɣ ɜɨɡɦɨɠɧɨ ɛɟɡ ɫɧɹɬɢɹ ɧɚɩɪɹɠɟɧɢɹ ɫɨ ɫɛɨɪɧɵɯ 
ɲɢɧ. 
Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.10.    
                                                                                        
Ɍɚɛɥɢɰɚ 2.10  –  Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɤȼ 6 (12) 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɝɥɚɜɧɵɯ ɰɟɩɟɣ, Ⱥ 800; 1250; 2500 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɫɛɨɪɧɵɯ ɲɢɧ, Ⱥ 2500 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɟɣ (ɡɚɜɢɫɢɬ 
ɨɬ ɬɢɩɚ ɜɵɤɥɸɱɚɬɟɥɹ), ɤȺ 
20; 25; 31,5 
Ɍɨɤ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ (ɜɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ – 
3ɫ), ɤȺ 
31,5 
Ɍɨɤ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɝɥɚɜɧɵɯ ɰɟɩɟɣ, ɤȺ 80 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.10 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 
ɂɫɩɵɬɚɧɢɟ ɧɚɩɪɹɠɟɧɢɟɦ ɝɪɨɡɨɜɨɝɨ ɢɦɩɭɥɶɫɚ, ɤȼ 75 
ɂɫɩɵɬɚɧɢɟ ɧɚɩɪɹɠɟɧɢɟɦ 50 Ƚɰ/1 ɦɢɧ, ɤȼ 42 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɰɟɩɟɣ: 
•  ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ȼ  
•  ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ȼ 
220  
220 
ȼɢɞ ɢɡɨɥɹɰɢɢ ɬɜɟɪɞɚɹ ɢ ɜɨɡɞɭɲɧɚɹ 
ȼɢɞ ɥɢɧɟɣɧɵɯ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɩɨɞɫɨɟɞɢɧɟɧɢɣ ɤɚɛɟɥɶɧɵɟ, ɲɢɧɧɵɟ 
ɍɫɥɨɜɢɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɞɧɨɫɬɨɪɨɧɧɟɟ, ɞɜɭɯɫɬɨɪɨɧɧɟɟ 
ɋɬɟɩɟɧɶ ɡɚɳɢɬɵ (ɩɪɢ ɡɚɤɪɵɬɵɯ ɞɜɟɪɹɯ) IP 20 
ȼɢɞ ɭɩɪɚɜɥɟɧɢɹ ɦɟɫɬɧɨɟ; ɞɢɫɬɚɧɰɢɨɧɧɨɟ 
Ƚɚɛɚɪɢɬɵ ɹɱɟɣɤɢ, ɦɦ • ɲɢɪɢɧɚ  
• ɝɥɭɛɢɧɚ  









Ɋɢɫɭɧɨɤ 2.2 – ɒɤɚɮ ɄɊɍ 
             
Ʉɨɧɫɬɪɭɤɰɢɹ ɄɊɍ  
ɇɢɠɟ ɩɪɢɜɨɞɢɬɫɹ ɨɩɢɫɚɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɲɤɚɮɨɜ ɄɊɍ ɫ ɜɵɤɥɸɱɚɬɟɥɟɦ 
(ɪɢɫɭɧɨɤ 2.3). ɒɤɚɮ ɄɊɍ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ: 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɟɤɰɢɢ ɢ ɪɟɥɟɣɧɨɣ ɫɟɤɰɢɢ. Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɚɹ ɫɟɤɰɢɹ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɛɨɪɧɭɸ ɠɟɫɬɤɭɸ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, 
ɪɚɡɞɟɥɟɧɧɭɸ ɝɥɭɯɢɦɢ ɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɢ ɢɡɨɥɹɰɢɨɧɧɵɦɢ ɩɟɪɟɝɨɪɨɞɤɚɦɢ ɧɚ 
ɨɬɫɟɤɢ: ɨɬɫɟɤ ɜɵɞɜɢɠɧɨɝɨ ɷɥɟɦɟɧɬɚ (ɜɵɤɥɸɱɚɬɟɥɹ), ɨɬɫɟɤ ɤɚɛɟɥɶɧɨɣ ɫɛɨɪɤɢ, 






Ɋɢɫɭɧɨɤ 2.3 – ɋɯɟɦɚ ɲɤɚɮɚ ɄɊɍ 
 
ȼ ɫɨɫɬɚɜ ɢɡɞɟɥɢɹ ɜɯɨɞɹɬ: ɧɚɛɨɪ ɨɬɞɟɥɶɧɵɯ ɲɤɚɮɨɜ ɄɊɍ ɫ 
ɤɨɦɦɭɬɚɰɢɨɧɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ, ɩɪɢɛɨɪɚɦɢ ɢɡɦɟɪɟɧɢɹ, ɭɫɬɪɨɣɫɬɜɚɦɢ 
ɚɜɬɨɦɚɬɢɤɢ ɢ ɡɚɳɢɬɵ, ɚ ɬɚɤɠɟ ɚɩɩɚɪɚɬɭɪɨɣ ɡɚɳɢɬɵ, ɭɩɪɚɜɥɟɧɢɹ, ɫɢɝɧɚɥɢɡɚɰɢɢ 
ɢ ɞɪɭɝɢɦɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɫɨɟɞɢɧɟɧɧɵɦɢ ɦɟɠɞɭ ɫɨɛɨɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɪɚɫɩɨɥɨɠɟɧɢɹ ɄɊɍ. 
ȼ ɤɚɱɟɫɬɜɟ ɜɵɞɜɢɠɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɲɤɚɮɭ ɄɊɍ ɭɫɬɚɧɨɜɥɟɧ ɜɵɤɥɸɱɚɬɟɥɶ 
ɜɚɤɭɭɦɧɵɣ ȼȼ/ɌȿL. 
ȼɵɞɜɢɠɧɨɣ ɷɥɟɦɟɧɬ ɦɨɠɟɬ ɡɚɧɢɦɚɬɶ ɜ ɨɬɫɟɤɟ ɞɜɚ ɮɢɤɫɢɪɨɜɚɧɧɵɯ 
ɩɨɥɨɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɪɩɭɫɚ: ɪɚɛɨɱɟɟ ɢ ɤɨɧɬɪɨɥɶɧɨɟ, ɢ ɩɟɪɟɦɟɳɚɟɬɫɹ 
ɜɧɭɬɪɢ ɨɬɫɟɤɚ ɩɨ ɧɚɩɪɚɜɥɹɸɳɢɦ ɪɟɥɶɫɚɦ ɫ ɩɨɦɨɳɶɸ ɪɵɱɚɝɚ ɢɡ ɤɨɧɬɪɨɥɶɧɨɝɨ 
ɩɨɥɨɠɟɧɢɹ ɜ ɪɚɛɨɱɟɟ ɢ ɧɚɨɛɨɪɨɬ. 
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ȼ ɪɚɛɨɱɟɦ ɩɨɥɨɠɟɧɢɢ ɝɥɚɜɧɵɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɰɟɩɢ ɲɤɚɮɚ ɄɊɍ 
ɡɚɦɤɧɭɬɵ, ɜɵɞɜɢɠɧɨɣ ɷɥɟɦɟɧɬ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɤɨɪɩɭɫɚ ɲɤɚɮɚ ɜ 
ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ. 
ȼ ɤɨɧɬɪɨɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɝɥɚɜɧɵɟ ɰɟɩɢ ɲɤɚɮɚ ɪɚɡɨɦɤɧɭɬɵ, ɚ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɡɚɦɤɧɭɬɵ (ɞɨɩɭɫɤɚɟɬɫɹ ɪɚɡɦɵɤɚɧɢɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɰɟɩɟɣ), 
ɜɵɞɜɢɠɧɨɣ ɷɥɟɦɟɧɬ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɤɨɪɩɭɫɚ ɲɤɚɮɚ ɜ ɮɢɤɫɢɪɨɜɚɧɧɨɦ 
ɩɨɥɨɠɟɧɢɢ. 
ȼ ɪɟɦɨɧɬɧɨɦ ɩɨɥɨɠɟɧɢɢ ɝɥɚɜɧɵɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɰɟɩɢ ɲɤɚɮɚ 
ɪɚɡɨɦɤɧɭɬɵ, ɜɵɞɜɢɠɧɨɣ ɷɥɟɦɟɧɬ ɧɚɯɨɞɢɬɫɹ ɜɧɟ ɤɨɪɩɭɫɚ ɲɤɚɮɚ. 
ɒɤɚɮɵ ɄɊɍ ɨɛɨɪɭɞɨɜɚɧɵ ɛɥɨɤɢɪɨɜɤɚɦɢ, ɡɚɩɪɟɳɚɸɳɢɦɢ: 
 ɩɟɪɟɦɟɳɟɧɢɟ ɜɵɞɜɢɠɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢɡ ɪɚɛɨɱɟɝɨ ɩɨɥɨɠɟɧɢɹ ɜ 
ɤɨɧɬɪɨɥɶɧɨɟ ɢ ɨɛɪɚɬɧɨ ɩɪɢ ɜɤɥɸɱɟɧɧɨɦ ɜɵɤɥɸɱɚɬɟɥɟ; 
 ɜɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɦɟɠɞɭ ɪɚɛɨɱɢɦɢ ɢ 
ɤɨɧɬɪɨɥɶɧɵɦɢ ɩɨɥɨɠɟɧɢɹɦɢ ɜɵɞɜɢɠɧɨɝɨ ɷɥɟɦɟɧɬɚ; 
 ɨɩɟɪɢɪɨɜɚɧɢɟ ɪɚɡɴɟɞɢɧɢɬɟɥɟɦ, ɧɚɯɨɞɹɳɟɦɫɹ ɜ ɪɹɞɨɦ ɫɬɨɹɳɟɦ 
ɲɤɚɮɭ, ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɩɨɥɨɠɟɧɢɢ ɜɵɞɜɢɠɧɨɝɨ ɷɥɟɦɟɧɬɚ; 
 ɜɤɥɸɱɟɧɢɟ ɡɚɡɟɦɥɢɬɟɥɹ ɩɪɢ ɜɤɥɸɱɟɧɧɨɦ ɜɵɤɥɸɱɚɬɟɥɟ; 
 ɜɤɥɸɱɟɧɢɟ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢ ɜɤɥɸɱɟɧɧɵɯ ɧɨɠɚɯ ɡɚɡɟɦɥɢɬɟɥɹ. 
ɇɚ ɞɜɟɪɢ ɪɟɥɟɣɧɨɝɨ ɲɤɚɮɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫɱɟɬɱɢɤɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ, ɪɟɥɟ ɭɤɚɡɚɬɟɥɶɧɵɟ, ɚɦɩɟɪɦɟɬɪ, ɜɨɥɶɬɦɟɬɪ, ɫɢɝɧɚɥɶɧɵɟ ɥɚɦɩɵ, ɤɥɸɱɢ 
ɭɩɪɚɜɥɟɧɢɹ, ɤɧɨɩɤɢ ɢ ɩɟɪɟɤɥɸɱɚɬɟɥɢ ɨɩɟɪɚɬɢɜɧɵɯ ɰɟɩɟɣ. 
ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɲɤɚɮɨɜ ɄɊɍ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɢɨɞɢɱɟɫɤɢ 
ɩɪɨɢɡɜɨɞɢɬɶ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɜɤɥɸɱɚɸɳɟɟ ɬɟɯɧɢɱɟɫɤɢɟ ɨɫɦɨɬɪɵ, 
ɬɟɤɭɳɢɟ ɢ ɤɚɩɢɬɚɥɶɧɵɟ ɪɟɦɨɧɬɵ ɫ ɫɨɛɥɸɞɟɧɢɟɦ «ɉɪɚɜɢɥ ɬɟɯɧɢɤɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɢ 
ɩɨɞɫɬɚɧɰɢɣ», «ɉɪɚɜɢɥ ɬɟɯɧɢɱɟɫɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɢ ɩɪɚɜɢɥ 
ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɩɨɬɪɟɛɢɬɟɥɟɣ». 
Ɍɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɥɟɞɭɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɢ ɫɧɹɬɨɦ ɧɚɩɪɹɠɟɧɢɢ.  
Ɍɟɯɧɢɱɟɫɤɢɣ ɨɫɦɨɬɪ ɫɨɫɬɨɹɧɢɹ ɲɤɚɮɨɜ ɢ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɜ ɧɢɯ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɧɟ ɦɟɧɟɟ ɨɞɧɨɝɨ ɪɚɡɚ ɜ ɝɨɞ, ɚ ɬɚɤɠɟ 
ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɨɬɤɥɸɱɟɧɢɹ ɢɡ-ɡɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɬɨɤɚ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 
Ɍɟɤɭɳɢɣ ɪɟɦɨɧɬ ɲɤɚɮɨɜ ɄɊɍ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɨɞɢɧ ɪɚɡ ɜ ɝɨɞ. 
ɉɪɢ ɬɟɤɭɳɟɦ ɪɟɦɨɧɬɟ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɪɚɧɢɬɶ ɞɟɮɟɤɬɵ, ɨɛɧɚɪɭɠɟɧɧɵɟ ɩɪɢ 
ɬɟɯɧɢɱɟɫɤɨɦ ɫɦɨɬɪɟ ɢ ɯɨɞɟ ɪɟɦɨɧɬɚ, ɩɪɢ ɷɬɨɦ ɩɪɨɬɟɪɟɬɶ ɪɚɡɴɟɦɧɵɟ ɤɨɧɬɚɤɬɵ 
ɫɨɟɞɢɧɟɧɢɹ ɝɥɚɜɧɨɣ ɰɟɩɢ ɢ ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɞɟɬɚɥɢ ɜɟɬɨɲɶɸ, ɫɥɟɝɤɚ ɫɦɨɱɟɧɧɨɣ 
ɜ ɛɟɧɡɢɧɟ, ɪɚɡɴɟɦɧɵɟ ɤɨɧɬɚɤɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜɧɨɜɶ ɩɨɤɪɵɬɶ ɬɨɧɤɢɦ ɫɥɨɟɦ 
ɫɦɚɡɤɢ, ɩɨɞɬɹɧɭɬɶ ɛɨɥɬɵ ɢ ɜɢɧɬɵ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɤɨɧɬɚɤɬɨɜ, ɚ ɬɚɤɠɟ ɜɫɟ 
ɤɪɟɩɥɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ. 
Ɉɱɟɪɟɞɧɨɣ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɨɞɢɧ ɪɚɡ ɜ 
ɱɟɬɵɪɟ ɝɨɞɚ.  
Ʉɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ ɲɤɚɮɨɜ ɄɊɍ ɜɤɥɸɱɚɟɬ ɪɚɛɨɬɵ ɩɨ ɪɟɦɨɧɬɭ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɫɬɪɨɟɧɧɨɝɨ ɜ ɲɤɚɮ, ɪɚɛɨɬɵ ɩɨ ɡɚɦɟɧɟ ɱɚɫɬɟɣ ɦɟɯɚɧɢɡɦɨɜ, 
ɩɨɜɪɟɠɞɟɧɧɵɯ ɪɚɡɴɟɦɧɵɯ ɤɨɧɬɚɤɬɨɜ ɝɥɚɜɧɵɯ ɰɟɩɟɣ, ɞɟɮɟɤɬɧɵɯ ɢɡɨɥɹɬɨɪɨɜ ɢ 
ɞɪɭɝɢɯ ɢɡɨɥɹɰɢɨɧɧɵɯ ɞɟɬɚɥɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɨɜɟɪɤɭ 
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ɭɫɢɥɢɹ ɜɵɬɹɝɢɜɚɧɢɹ ɜ ɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɝɥɚɜɧɨɣ ɰɟɩɢ ɫ ɡɚɦɟɧɨɣ 
ɜɵɲɟɞɲɢɯ ɢɡ ɫɬɪɨɹ ɩɪɭɠɢɧ, ɚ ɬɚɤɠɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ 










































3 Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪɧɚɹ ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɄɊɍ 6 ɤȼ 
 
3.1 Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ 
 
Ɋɟɥɟɣɧɨɣ ɡɚɳɢɬɨɣ ɧɚɡɵɜɚɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ (ɪɟɥɟ ɢ ɞɪɭɝɢɟ 
ɚɜɬɨɦɚɬɵ), ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɨɬɤɥɸɱɟɧɢɟ ɩɨɜɪɟɠɞɟɧɧɨɣ ɱɚɫɬɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɢɥɢ ɫɟɬɢ. ȿɫɥɢ ɩɨɜɪɟɠɞɟɧɢɟ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɥɹ 
ɭɫɬɚɧɨɜɤɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɨɩɚɫɧɨɫɬɢ, ɬɨ ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɞɨɥɠɧɚ ɩɪɢɜɨɞɢɬɶ 
ɜ ɞɟɣɫɬɜɢɟ ɫɢɝɧɚɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. 
Ɉɫɧɨɜɧɵɟ ɭɫɥɨɜɢɹ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ [8]: 
1) ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɞɨɥɠɧɚ ɛɵɬɶ ɢɡɛɢɪɚɬɟɥɶɧɨɣ (ɫɟɥɟɤɬɢɜɧɨɣ), ɬ.ɟ. 
ɨɬɤɥɸɱɚɬɶ ɬɨɥɶɤɨ ɩɨɜɪɟɠɞɟɧɧɵɣ ɭɱɚɫɬɨɤ ɭɫɬɚɧɨɜɤɢ; 
2)  ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ ɞɨɫɬɚɬɨɱɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤɨ 
ɜɫɟɦ ɜɢɞɚɦ ɩɨɜɪɟɠɞɟɧɢɣ ɧɚ ɡɚɳɢɳɚɟɦɨɣ ɥɢɧɢɢ ɢ ɧɚ ɥɢɧɢɹɯ, ɩɢɬɚɟɦɵɯ ɨɬ ɧɟɟ, 
ɚ ɬɚɤɠɟ ɤ ɢɡɦɟɧɢɜɲɢɦɫɹ ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɚɪɚɦɟɬɪɚɦ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ 
ɪɚɛɨɬɵ (ɬɨɤɭ, ɧɚɩɪɹɠɟɧɢɸ ɢ ɞɪ.); 
3)  ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɩɨ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɫɯɟɦɟ ɫ 
ɧɚɢɦɟɧɶɲɢɦ ɱɢɫɥɨɦ ɚɩɩɚɪɚɬɨɜ ɢ ɨɛɥɚɞɚɬɶ ɞɨɫɬɚɬɨɱɧɵɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ; 
4) ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɫɢɝɧɚɥɢɡɚɰɢɸ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɰɟɩɹɯ, ɩɢɬɚɸɳɢɯ ɚɩɩɚɪɚɬɵ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ. 
 
3.2 Ɉɫɧɨɜɧɵɟ ɜɢɞɵ ɩɨɜɪɟɠɞɟɧɢɣ ɢ ɧɟɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 
 
Ʉɚɛɟɥɶɧɵɟ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ɩɪɨɥɨɠɟɧɧɵɟ ɜ ɡɟɦɥɟ, ɦɨɝɭɬ 
ɩɨɜɪɟɠɞɚɬɶɫɹ ɢɡ-ɡɚ ɭɯɭɞɲɟɧɢɹ ɭɫɥɨɜɢɣ ɨɯɥɚɠɞɟɧɢɹ, ɤɨɪɪɨɡɢɢ ɨɛɨɥɨɱɟɤ ɤɚɛɟɥɹ, 
ɨɫɚɞɤɢ ɩɨɱɜɵ ɩɪɢ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬɚɯ. ɍɤɚɡɚɧɧɵɟ ɩɪɢɱɢɧɵ ɩɨɜɪɟɠɞɟɧɢɣ 
ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɦɨɝɭɬ ɜɵɡɜɚɬɶ ɤɨɪɨɬɤɢɟ ɡɚɦɵɤɚɧɢɹ ɮɚɡ ɦɟɠɞɭ ɫɨɛɨɣ ɢɥɢ 
ɤɨɪɨɬɤɢɟ ɡɚɦɵɤɚɧɢɹ ɧɚ ɡɟɦɥɸ.  
 
Ⱦɥɹ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɧɚɢɛɨɥɶɲɟɟ 
ɩɪɢɦɟɧɟɧɢɟ ɧɚɯɨɞɹɬ ɥɢɧɢɢ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɩɢɬɚɧɢɟɦ, ɝɞɟ ɩɪɢɦɟɧɹɟɬɫɹ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ, ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ, ɬɨɤɨɜɚɹ ɩɨɩɟɪɟɱɧɚɹ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɡɚɳɢɬɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɩɨɩɟɪɟɱɧɚɹ 
ɡɚɳɢɬɚ ɩɚɪɚɥɥɟɥɶɧɵɯ ɥɢɧɢɣ, ɡɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ. 
ȼ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ ɦɨɝɭɬ ɢɦɟɬɶ ɦɟɫɬɨ ɫɥɟɞɭɸɳɢɟ ɩɨɜɪɟɠɞɟɧɢɹ [9]: 
ɦɟɠɞɭɮɚɡɧɵɟ ɤɨɪɨɬɤɢɟ ɡɚɦɵɤɚɧɢɹ ɜɧɭɬɪɢ ɛɚɤɚ ɢ ɧɚ ɜɵɜɨɞɚɯ; ɡɚɦɵɤɚɧɢɹ 
ɦɟɠɞɭ ɜɢɬɤɚɦɢ ɨɞɧɨɣ ɮɚɡɵ (ɜɢɬɤɨɜɵɟ ɡɚɦɵɤɚɧɢɹ); ɡɚɦɵɤɚɧɢɹ ɨɛɦɨɬɨɤ ɧɚ 
ɡɟɦɥɸ; ɩɟɪɟɤɪɵɬɢɟ ɢɡɨɥɹɰɢɢ ɜɜɨɞɨɜ; ɭɬɟɱɤɚ ɦɚɫɥɚ ɢɡ ɛɚɤɚ. 
Ʉ ɧɟɧɨɪɦɚɥɶɧɵɦ ɪɟɠɢɦɚɦ ɪɚɛɨɬɵ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɨɬɧɨɫɹɬ: ɪɚɛɨɬɭ ɫɨ 
ɫɜɟɪɯɬɨɤɚɦɢ ɩɪɢ ɜɧɟɲɧɟɦ ɤɨɪɨɬɤɨɦ ɡɚɦɵɤɚɧɢɢ ɢ ɩɪɢ ɤɚɱɚɧɢɹɯ ɜ 
ɷɧɟɪɝɨɫɢɫɬɟɦɟ; ɩɟɪɟɝɪɭɡɤɢ, ɜɵɡɜɚɧɧɵɟ ɫɚɦɨɡɚɩɭɫɤɨɦ ɞɜɢɝɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ 
ɬɨɥɱɤɨɨɛɪɚɡɧɨɣ ɢ ɭɞɚɪɧɨɣ ɧɚɝɪɭɡɤɚɦɢ; ɩɨɜɵɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɜɨɞɚɯ. 
Ɉɧɨ ɜɵɡɵɜɚɟɬ ɜɨɡɪɚɫɬɚɧɢɟ ɧɚɦɚɝɧɢɱɢɜɚɸɳɟɝɨ ɢ ɜɢɯɪɟɜɵɯ ɬɨɤɨɜ 
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ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. ɋɥɟɞɫɬɜɢɟɦ ɬɚɤɨɝɨ ɪɟɠɢɦɚ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɝɪɟɜ ɨɛɦɨɬɨɤ ɢ 
ɫɟɪɞɟɱɧɢɤɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
 
3.3 ȼɵɛɨɪ ɬɟɪɦɢɧɚɥɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ 
 
ȼ ɯɨɞɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɞɨɥɠɧɵ ɩɪɢɦɟɧɹɬɶɫɹ ɫɨɜɪɟɦɟɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 
ɊɁɢȺ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɢɥɢ ɢɧɨɫɬɪɚɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
Ɉɬɤɥɸɱɟɧɢɟ ɥɸɛɨɝɨ ɩɨɜɪɟɠɞɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɫɟɬɢ (ɥɢɧɢɣ, 
ɩɨɞɫɬɚɧɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ – ɲɢɧ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɢ ɞɪɭɝɨɝɨ ɩɟɪɜɢɱɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ) ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɜɨɡɦɨɠɧɵɦ ɜɪɟɦɟɧɟɦ ɜ 
ɰɟɥɹɯ ɫɨɯɪɚɧɟɧɢɹ ɭɫɬɨɣɱɢɜɨɣ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɪɚɛɨɬɵ ɧɟɩɨɜɪɟɠɞɟɧɧɨɣ ɱɚɫɬɢ 
ɫɢɫɬɟɦɵ ɢ ɨɝɪɚɧɢɱɟɧɢɹ ɨɛɥɚɫɬɢ ɢ ɫɬɟɩɟɧɢ ɩɨɜɪɟɠɞɟɧɢɹ. 
Ⱦɥɹ ɡɚɳɢɬɵ ɨɛɴɟɤɬɨɜ ɩɨɞɫɬɚɧɰɢɢ ɢɫɩɨɥɶɡɭɟɦ ɭɫɬɪɨɣɫɬɜɚ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɧɚ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɛɚɡɟ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɟ.  
Ⱦɥɹ ɡɚɳɢɬɵ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɫɨ ɫɬɨɪɨɧɵ 6 ɤȼ ɩɨɞɫɬɚɧɰɢɢ ɢɫɩɨɥɶɡɭɟɦ 
ɬɟɪɦɢɧɚɥɵ Siprotec 4 ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɚɧɢɢ Siemens. 
Ɇɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɟ ɤɨɦɩɥɟɤɬɵ ɭɧɢɜɟɪɫɚɥɶɧɵ, ɮɭɧɤɰɢɨɧɚɥɶɧɵ, 
ɧɚɞɟɠɧɵ, ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɵ.  
ɉɪɟɞɫɬɚɜɢɦ ɜ ɬɚɛɥɢɰɟ 3.1 ɜɵɛɪɚɧɧɵɟ ɡɚɳɢɬɵ ɢ ɮɭɧɤɰɢɢ, ɜɵɩɨɥɧɹɟɦɵɟ 
ɜɵɛɪɚɧɧɵɦ ɬɟɪɦɢɧɚɥɨɦ. 
Ɍɟɪɦɢɧɚɥɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɪɟɥɟɣɧɵɯ ɨɬɫɟɤɚɯ ɹɱɟɟɤ ɄɊɍ, ɧɚ ɩɚɧɟɥɹɯ ɢ 
ɲɤɚɮɚɯ ɜ ɪɟɥɟɣɧɵɯ ɡɚɥɚɯ ɢ ɩɭɥɶɬɚɯ ɭɩɪɚɜɥɟɧɢɹ ɩɨɞɫɬɚɧɰɢɢ.  
 
Ɍɚɛɥɢɰɚ 3.1 – ȼɢɞɵ ɡɚɳɢɬ ɧɚ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ 6 ɤȼ 
ȼɢɞɵ ɡɚɳɢɬ ɩɨ ɉɍɗ ȼɨɡɦɨɠɧɵɟ ɮɭɧɤɰɢɢ ɬɟɪɦɢɧɚɥɚ 
ɂɫɩɨɥɶɡɭɟɦɵɟ ɮɭɧɤɰɢɢ 
ɧɚ ɨɬɯɨɞɹɳɟɣ 
ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɉɋ 
1) ɨɬ ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ – 
ɌɈ ɢ ɆɌɁ; 
2) ɨɬ ɨɞɧɨɮɚɡɧɵɯ 














1) 3 ɫɬɭɩɟɧɢ ɆɌɁ 









Ɍɟɪɦɢɧɚɥ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɵɣ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ Siprotec 4 ɬɢɩɚ 7sj641 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɮɭɧɤɰɢɣ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ, ɚɜɬɨɦɚɬɢɤɢ, 
ɭɩɪɚɜɥɟɧɢɹ, ɢɡɦɟɪɟɧɢɹ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ ɩɪɢɫɨɟɞɢɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɟɦ 6-35 ɤȼ. 
Ɉɧ ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɭɧɤɰɢɢ ɡɚɳɢɬɵ, ɚɜɬɨɦɚɬɢɤɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɤɚɛɟɥɶɧɵɯ 
ɥɢɧɢɣ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɩɨɞɫɬɚɧɰɢɣ ɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. 






Ɋɢɫɭɧɨɤ 3.1 – ȼɧɟɲɧɢɣ ɜɢɞ ɬɟɪɦɢɧɚɥɚ 
 
3.4 Ɋɚɫɱёɬ ɭɫɬɚɜɨɤ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ ɄɊɍ 6 ɤȼ 
 
3.4.1 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ 
 
ȼ ɫɟɬɹɯ 6-10 ɤȼ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɨɫɧɨɜɧɚɹ 
ɡɚɳɢɬɚ. ɆɌɁ ɜ ɭɫɬɪɨɣɫɬɜɚɯ, ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɤɨɦɩɚɧɢɟɣ Siemens ɜɵɩɨɥɧɟɧɚ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɬɪɟɯɮɚɡɧɨɣ, ɬɪɟɯɫɬɭɩɟɧɱɚɬɨɣ. Ɂɚɳɢɬɚ ɪɟɚɝɢɪɭɟɬ ɧɚ ɩɪɟɜɵɲɟɧɢɟ 
ɮɚɡɧɵɦ ɬɨɤɨɦ ɭɫɬɚɜɤɢ. ȼɵɛɨɪ ɭɫɬɚɜɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɟɦ ɫɟɥɟɤɬɢɜɧɨɫɬɢ 
ɞɟɣɫɬɜɢɹ ɡɚɳɢɬɵ. 
ȼ ɫɟɬɹɯ 6 ɤȼ ɩɟɪɜɭɸ ɫɬɭɩɟɧɶ ɡɚɳɢɬɵ (ɆɌɁ-1) ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ 
ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ (ɌɈ), ɜɬɨɪɭɸ ɫɬɭɩɟɧɶ (ɆɌɁ-2) 
ɢɫɩɨɥɶɡɭɸɬ ɤɚɤ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨɤɨɜɭɸ ɡɚɳɢɬɭ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ (ɆɌɁ), ɢ 
ɬɪɟɬɶɸ ɫɬɭɩɟɧɶ ɢɫɩɨɥɶɡɭɸɬ ɤɚɤ ɡɚɳɢɬɭ ɢɥɢ ɫɢɝɧɚɥɢɡɚɰɢɸ ɩɪɢ ɩɟɪɟɝɪɭɡɤɚɯ. 
ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɆɌɁ – ɌɈ ɛɟɡ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ 
ɉɟɪɜɚɹ ɫɬɭɩɟɧɶ ɆɌɁ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɨɬ 
ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ, ɤɨɬɨɪɚɹ ɡɚɳɢɳɚɟɬ ɬɨɥɶɤɨ ɱɚɫɬɶ ɥɢɧɢɢ (0,85 ɞɥɢɧɵ ɥɢɧɢɢ), 
ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɛɥɢɠɟ ɤ ɢɫɬɨɱɧɢɤɭ ɩɢɬɚɧɢɹ, ɢ ɫɪɚɛɚɬɵɜɚɟɬ ɛɟɡ ɫɩɟɰɢɚɥɶɧɨɝɨ 
ɡɚɦɟɞɥɟɧɢɹ, ɬ.ɟ. tɫɪ      
Ɉɰɟɧɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɬɢɩɨɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɞɨɥɠɧɚ 
ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɞɥɹ 
ɡɚɳɢɬ, ɪɟɚɝɢɪɭɸɳɢɯ ɧɚ ɜɟɥɢɱɢɧɵ, ɜɨɡɪɚɫɬɚɸɳɢɟ ɜ ɭɫɥɨɜɢɹɯ ɩɨɜɪɟɠɞɟɧɢɹ, ɤɚɤ 
ɨɬɧɨɲɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɷɬɢɯ ɜɟɥɢɱɢɧ (ɧɚɩɪɢɦɟɪ, ɬɨɤɚ) ɩɪɢ 
ɦɟɬɚɥɥɢɱɟɫɤɨɦ ɄɁ ɜ ɩɪɟɞɟɥɚɯ ɡɚɳɢɳɚɟɦɨɣ ɡɨɧɵ ɤ ɩɚɪɚɦɟɬɪɚɦ ɫɪɚɛɚɬɵɜɚɧɢɹ 
ɡɚɳɢɬ. 
Ⱦɥɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ (ɆɌɁ) ɤɨɷɮɮɢɰɢɟɧɬ 




                                                            (3.1) 
 
ɝɞɟ           ɬɨɤ ɜ ɪɟɥɟ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɬɨɤɟ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɄɁ  ɜ ɤɨɧɰɟ 
ɡɚɳɢɳɚɟɦɨɣ ɡɨɧɵ;        ɬɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ. 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ ɞɨɥɠɧɚ ɢɦɟɬɶ        ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ ɡɚɳɢɳɚɟɦɨɣ ɥɢɧɢɢ. 
ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɦɟɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ: 
                                                          
 
(3.2) 
ɝɞɟ                 ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɌɌ; ɋɟɥɟɤɬɢɜɧɨɫɬɶ ɌɈ ɦɝɧɨɜɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɛɨɪɨɦ ɬɨɤɚ 
ɟɟ ɫɪɚɛɚɬɵɜɚɧɢɹ: 
                                                       
 
(3.3) 
ɝɞɟ               ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ;         ɤɨɷɮɮɢɰɢɟɧɬ ɫɯɟɦɵ ɞɥɹ ɫɯɟɦɵ ɫɨɟɞɢɧɟɧɢɹ «ɧɟɩɨɥɧɚɹ ɡɜɟɡɞɚ»;           ɬɨɤ ɬɪɟɯɮɚɡɧɨɝɨ ɄɁ ɜ ɤɨɧɰɟ ɡɚɳɢɳɚɟɦɨɣ ɥɢɧɢɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,                      , ɚ ɡɧɚɱɢɬ, ɭɫɥɨɜɢɟ ɧɟ ɜɵɩɨɥɧɟɧɨ ɢ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɧɟ ɨɛɟɫɩɟɱɢɬ ɡɚɳɢɬɭ ɜɫɟɣ ɥɢɧɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɭɞɟɦ 
ɩɪɢɦɟɧɟɧɚ ɜɬɨɪɚɹ ɫɬɭɩɟɧɶ ɆɌɁ. 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɆɌɁ – ɌɈ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ 
ȼɬɨɪɚɹ ɫɬɭɩɟɧɶ ɆɌɁ-2 ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɬɨɤɨɜɨɣ ɨɬɫɟɱɤɢ ɨɬ 
ɦɟɠɞɭɮɚɡɧɵɯ ɄɁ ɫ ɜɵɞɟɪɠɤɨɣ ɜɪɟɦɟɧɢ. 
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɪɟɥɟ ɞɥɹ ɞɚɧɧɨɣ ɫɬɭɩɟɧɢ:  
 
                                                       
 
ɝɞɟ               ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,                         ɡɧɚɱɢɬ, ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɟɧɨ, ɢ ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ ɨɛɟɫɩɟɱɢɬ ɡɚɳɢɬɭ.  
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ II ɫɬɭɩɟɧɢ ɡɚɳɢɬɵ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ ɫɬɭɩɟɧɶ 
ɫɟɥɟɤɬɢɜɧɨɫɬɢ (          ɛɨɥɶɲɟ ɜɵɞɟɪɠɟɤ ɜɪɟɦɟɧɢ ɫɬɭɩɟɧɟɣ ɡɚɳɢɬɵ, ɨɬ 
ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɟɞɟɧɚ ɨɬɫɬɪɨɣɤɚ. 
Ɉɬɫɬɪɨɣɤɚ ɆɌɁ-2 ɢɞɟɬ ɨɬ ɡɚɳɢɬ ɫɦɟɠɧɵɯ ɥɢɧɢɣ ɧɟ ɢɦɟɸɳɢɯ ɜɵɞɟɪɠɤɢ 
ɜɪɟɦɟɧɢ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ              
49 
 
Ɍɪɟɬɶɹ ɫɬɭɩɟɧɶ ɆɌɁ  
Ɍɪɟɬɶɹ ɫɬɭɩɟɧɶ ɆɌɁ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɵ ɨɬ ɩɟɪɟɝɪɭɡɨɤ. Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɤɨɜɨɣ ɡɚɳɢɬɵ (ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɢ) ɨɬɫɬɪɚɢɜɚɟɬɫɹ 
ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɨɤɚ ɧɚɝɪɭɡɤɢ ɩɪɢɫɨɟɞɢɧɟɧɢɹ: 
                                                              
 
ɝɞɟ             ɤɨɷɮɮɢɰɢɟɧɬ ɜɨɡɜɪɚɬɚ ɬɨɤɨɜɵɯ ɡɚɳɢɬ. ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɢ ɡɚɳɢɬɵ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ ɫɬɭɩɟɧɶ 
ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɛɨɥɶɲɟ ɜɵɞɟɪɠɟɤ ɜɪɟɦɟɧɢ ɡɚɳɢɬ, ɨɬ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɟɞɟɧɚ 
ɨɬɫɬɪɨɣɤɚ: 
                                  (3.4) 
 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɬɪɟɬɶɟɣ ɫɬɭɩɟɧɢ ɡɚɳɢɬɵ ɩɪɨɜɟɪɹɟɬɫɹ ɩɪɢ ɄɁ ɜ ɤɨɧɰɟ 
ɫɦɟɠɧɨɝɨ ɭɱɚɫɬɤɚ: 
                     
 
(3.5) 
ɝɞɟ                                                                  
 
Ɉɬɫɸɞɚ: 
                             6      
 
3.4.2 Ɂɚɳɢɬɚ ɨɬ ɨɞɧɨɮɚɡɧɵɯ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ 
 
Ɂɚɳɢɬɚ ɨɬ ɡɚɦɵɤɚɧɢɣ ɧɚ ɡɟɦɥɸ ɜ ɭɫɬɪɨɣɫɬɜɚɯ Siprotec 4 ɜɵɩɨɥɧɟɧɚ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ, ɪɟɚɝɢɪɭɸɳɟɣ ɧɚ ɬɨɤ ɨɫɧɨɜɧɨɣ ɢɥɢ ɜɵɫɲɢɯ 
ɝɚɪɦɨɧɢɤ, ɞɥɹ ɭɫɬɪɨɣɫɬɜ ɤɨɦɩɚɧɢɢ Siemens ɫ ɰɟɩɹɦɢ ɧɚɩɪɹɠɟɧɢɹ ɤɪɨɦɟ ɬɨɝɨ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬɫɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɈɁɁ ɩɨ ɬɨɤɭ ɢ ɧɚɩɪɹɠɟɧɢɸ 
ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɢ.  
Ⱦɥɹ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ ɩɪɢɦɟɧɹɟɬɫɹ 
ɧɚɩɪɚɜɥɟɧɧɚɹ ɢɥɢ ɧɟɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɩɨ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɟ. 
3.4.2.1 ɇɟɧɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɈɁɁ ɩɨ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɟ ɜ ɫɟɬɹɯ ɫ 
ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ 




Ɂɧɚɱɟɧɢɟ ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ ɥɢɧɢɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɭɦɦɚɪɧɨɝɨ 
ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ ɥɢɧɢɢ ɜɫɟɣ ɫɟɬɢ ɦɨɠɧɨ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ 
ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ ɞɥɹ ɤɚɛɟɥɶɧɵɯ ɫɟɬɟɣ: 
                             
 
(3.6) 
ɝɞɟ              – ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɬɢ;            – ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɥɢɧɢɣ. Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ        ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɱɟɬɚ ɧɟɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢ ɜɧɟɲɧɢɯ ɈɁɁ ɢ ɜ ɪɟɠɢɦɚɯ ɛɟɡ ɈɁɁ, ɤɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɥɨɠɧɵɯ 
ɫɪɚɛɚɬɵɜɚɧɢɣ ɡɚɳɢɬɚ ɨɬɫɬɪɚɢɜɚɟɬɫɹ ɩɨ ɜɪɟɦɟɧɢ ɫɪɚɛɚɬɵɜɚɧɢɹ         Ɉɬɫɬɪɨɣɤɚ ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ ɡɚɳɢɳɚɟɦɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ       ɩɪɢ ɞɭɝɨɜɵɯ ɩɟɪɟɦɟɠɚɸɳɢɯɫɹ ɈɁɁ, Ⱥ: 
                                                             (3.7) 
  
ɝɞɟ             ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɫɬɪɨɣɤɢ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɥɟ ɬɨɤɚ, ɧɟɬɨɱɧɨɫɬɢ ɪɚɫɱёɬɚ Iɋ,ɩɪ ɢ ɡɚɩɚɫ;          ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɭɜɟɥɢɱɟɧɢɟ ɞɟɣɫɬɜɭɸɳɟɝɨ 
ɡɧɚɱɟɧɢɹ Iɋ ɩɪɢ ɞɭɝɨɜɵɯ ɩɟɪɟɦɟɠɚɸɳɢɯɫɹ ɈɁɁ; 
Iɋ – ɟɦɤɨɫɬɧɵɣ ɬɨɤ ɜ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ, Ⱥ. 
             
  
                                              (3.8) 
ɝɞɟ                     ɞɥɹ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɫɟɱɟɧɢɟɦ 120 ɦɦ2 ɫɨɝɥɚɫɧɨ /11/;              ɞɥɢɧɚ ɥɢɧɢɢ. 
ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ: 
 
                                
                               
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ: 
                  (3.9) 





3.4.2.2 ɇɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɈɁɁ ɩɨ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɟ ɜ ɫɟɬɹɯ ɫ 
ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ 
ȼ ɫɟɬɹɯ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ ɟɦɤɨɫɬɧɵɣ ɬɨɤ ɫɟɬɢ ɢ ɬɨɤ ɜ ɧɟɣɬɪɚɥɢ 
ɫɨɢɡɦɟɪɢɦɵ ɢ ɧɟ ɢɡɦɟɧɹɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜ ɪɚɡɥɢɱɧɵɯ ɞɨɩɭɫɬɢɦɵɯ ɪɟɠɢɦɚɯ. 
Ⱦɥɹ ɫɟɬɟɣ ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɟɣɬɪɚɥɶɸ ɭɝɨɥ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɨɥɠɟɧ ɫɨɫɬɚɜɥɹɬɶ 90°. 
ɇɚɩɪɚɜɥɟɧɧɚɹ ɡɚɳɢɬɚ ɨɬ ɈɁɁ ɩɨ ɩɪɢɧɰɢɩɭ ɞɟɣɫɬɜɢɹ ɧɟ ɬɪɟɛɭɟɬ ɨɬɫɬɪɨɣɤɢ 
ɨɬ ɫɨɛɫɬɜɟɧɧɨɝɨ ɟɦɤɨɫɬɧɨɝɨ ɬɨɤɚ ɡɚɳɢɳɚɟɦɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ. ɉɟɪɜɢɱɧɵɣ ɬɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɳɢɬɵ        ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ: 
                                                                
 
(3.10) 
ɝɞɟ                 ɦɢɧɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ. 
 
3.4.3 Ʌɨɝɢɱɟɫɤɚɹ ɡɚɳɢɬɚ ɲɢɧ 
 
Ʌɨɝɢɱɟɫɤɚɹ ɡɚɳɢɬɚ ɪɟɚɥɢɡɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɭɫɬɪɨɣɫɬɜ Siprotec 4 ɜɜɨɞɧɨɝɨ 
ɜɵɤɥɸɱɚɬɟɥɹ, ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɩɪɢɫɨɟɞɢɧɟɧɢɣ. Ɏɭɧɤɰɢɹ ɅɁɒ 
ɪɟɚɥɢɡɭɟɬ ɛɵɫɬɪɨɟ ɨɬɤɥɸɱɟɧɢɟ ɜɜɨɞɧɨɝɨ ɢ/ɢɥɢ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɩɨɜɪɟɠɞɟɧɢɹ ɧɚ ɲɢɧɚɯ ɦɟɬɨɞɨɦ «ɨɬ ɩɪɨɬɢɜɧɨɝɨ», ɬɨ ɟɫɬɶ ɄɁ ɧɚ 
ɲɢɧɚɯ ɮɢɤɫɢɪɭɟɬɫɹ ɩɪɢ ɧɚɥɢɱɢɢ ɚɜɚɪɢɣɧɨɝɨ ɬɨɤɚ ɧɚ ɜɜɨɞɧɨɦ ɢɥɢ ɫɟɤɰɢɨɧɧɨɦ 
ɜɵɤɥɸɱɚɬɟɥɟ ɢ ɨɬɫɭɬɫɬɜɢɢ ɩɭɫɤɚ ɡɚɳɢɬ ɩɪɢɫɨɟɞɢɧɟɧɢɣ. 
Ɏɭɧɤɰɢɹ ɅɁɒ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɫɬɭɩɟɧɶ ɬɨɤɨɜɨɣ 
ɡɚɳɢɬɵ ɜɜɨɞɧɨɝɨ ɢ ɫɟɤɰɢɨɧɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ, ɫɪɚɛɚɬɵɜɚɧɢɟ ɤɨɬɨɪɨɣ ɦɨɠɧɨ 
ɡɚɛɥɨɤɢɪɨɜɚɬɶ ɜɧɟɲɧɢɦ ɫɢɝɧɚɥɨɦ.  
Ɍɨɤ ɫɪɚɛɚɬɵɜɚɧɢɟ ɅɁɒ ɨɬɫɬɪɚɢɜɚɟɬɫɹ ɨɬ ɫɜɟɪɯɬɨɤɨɜ ɩɨɫɥɟɚɜɚɪɢɣɧɵɯ 
ɩɟɪɟɝɪɭɡɨɤ, ɬ.ɟ. ɨɬ ɬɨɤɨɜ ɩɨɫɥɟ ɨɬɤɥɸɱɟɧɢɹ ɄɁ ɧɚ ɩɪɢɫɨɟɞɢɧɟɧɢɢ. Ɍɨɤ 
ɫɪɚɛɚɬɵɜɚɧɢɟ ɅɁɒ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɬɨɤɭ ɫɪɚɛɚɬɵɜɚɧɢɹ ɆɌɁ-2:                 ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɅɁɒ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0,2 ɫ. 
 
3.4.4 Ɂɚɳɢɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɜɨɞɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ 
 
ɁɆɇ ɧɚ ɡɚɳɢɬɟ ɜɜɨɞɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɟɞɧɚɡɧɚɱɟɧɢɢ ɞɥɹ ɩɭɫɤɚ ȺȼɊ 
ɩɪɢ ɢɫɱɟɡɧɨɜɟɧɢɢ ɩɢɬɚɧɢɹ ɧɚ ɫɟɤɰɢɢ. ɉɭɫɤɨɜɵɟ ɨɪɝɚɧɵ ɁɆɇ ɭɫɬɪɨɣɫɬɜɚ 
ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɭɫɤ ȺȼɊ ɩɪɢ ɢɫɱɟɡɧɨɜɟɧɢɢ ɧɚ ɲɢɧɚɯ ɩɢɬɚɧɢɹ ɢ ɧɟ 
ɞɨɥɠɧɵ ɫɪɚɛɚɬɵɜɚɬɶ ɩɪɢ ɫɧɢɠɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɄɁ ɧɚ ɩɢɬɚɸɳɟɣ 
ɫɬɨɪɨɧɟ ɢ ɧɚ ɨɬɯɨɞɹɳɢɯ ɨɬ ɩɨɞɫɬɚɧɰɢɢ ɩɪɢɫɨɟɞɢɧɟɧɢɣ, ɱɬɨ ɨɬɫɬɪɚɢɜɚɟɬɫɹ 
ɜɵɛɨɪɨɦ ɭɫɬɚɜɤɢ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɢ ɩɨ ɜɪɟɦɟɧɢ. 
ɇɚɩɪɹɠɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ                 




ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɁɆɇ ɩɪɢɧɢɦɚɟɬɫɹ ɧɚ ɫɬɭɩɟɧɶ ɛɨɥɶɲɟ ɜɵɞɟɪɠɟɤ 
ɜɪɟɦɟɧɢ ɡɚɳɢɬ ɩɪɢɫɨɟɞɢɧɟɧɢɣ, ɩɪɢ ɄɁ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɵɯ ɧɚɩɪɹɠɟɧɢɟ ɧɚ 
ɪɟɡɟɪɜɢɪɭɟɦɵɯ ɲɢɧɚɯ ɫɧɢɠɚɟɬɫɹ ɞɨ ɧɚɩɪɹɠɟɧɢɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɁɆɇ – tɫ.ɡ. = 1,5 ɫ. 
 
3.4.5 Ɂɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
 
Ɉɫɧɨɜɧɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɡɚɳɢɬɵ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɫɢɝɧɚɥɢɡɚɰɢɹ ɩɨɜɵɲɟɧɢɹ ɭɪɨɜɧɹ ɧɚɩɪɹɠɟɧɢɹ. 
ɉɪɢ ɞɟɣɫɬɜɢɢ ɡɚɳɢɬɵ ɧɚ ɫɢɝɧɚɥɢɡɚɰɢɸ ɭɫɬɚɧɨɜɤɢ Ɂɉɇ ɩɨ ɧɚɩɪɹɠɟɧɢɸ 
ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɣ ɨɬɫɬɪɨɣɤɢ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɲɢɧɚɯ ɜ 
ɪɚɛɨɱɟɦ ɪɟɠɢɦɟ. Ⱦɢɚɩɚɡɨɧ ɩɪɢɧɢɦɚɟɦɵɯ ɡɧɚɱɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ:  
                                      (3.12) 
 
ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ: 
                                (3.13) 
 
ɝɞɟ             ɜɪɟɦɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɪɟɝɭɥɢɪɨɜɤɢ ɩɪɢɜɨɞɚ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. 
 
3.4.6 Аɜɬɨɦɚɬɢɱɟɫɤɨɟ ɩɨɜɬɨɪɧɨɟ ɜɤɥɸɱɟɧɢɟ 
 
Ⱦɜɭɤɪɚɬɧɨɟ Ⱥɉȼ ɩɪɢɦɟɧɹɸɬ ɧɚ ɥɢɧɢɹɯ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ ɩɢɬɚɧɢɟɦ. 
ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɩɟɪɜɨɝɨ ɰɢɤɥɚ ɞɜɭɤɪɚɬɧɨɝɨ Ⱥɉȼ ɞɨɥɠɧɚ ɨɬɜɟɱɚɬɶ 
ɞɜɭɦ ɬɪɟɛɨɜɚɧɢɹɦ: 
1) ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ Ⱥɉȼ        ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɝɨɬɨɜɧɨɫɬɢ ɞɥɹ ɩɨɜɬɨɪɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɩɪɢɜɨɞɚ ɨɬɤɥɸɱɢɜɲɟɝɨɫɹ 
ɜɵɤɥɸɱɚɬɟɥɹ: 
                                                   (3.14) 
  
ɝɞɟ                     ɜɪɟɦɹ ɝɨɬɨɜɧɨɫɬɢ ɩɪɢɜɨɞɚ;             ɜɪɟɦɹ ɡɚɩɚɫɚ. 
 
2) ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ Ⱥɉȼ ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɨɬ 
ɦɨɦɟɧɬɚ ɩɨɝɚɫɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɭɝɢ ɜ ɦɟɫɬɟ ɄɁ ɞɨ ɩɨɥɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɢɡɨɥɹɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɜɨɡɞɭɯɚ (ɜɪɟɦɹ ɞɟɢɨɧɢɡɚɰɢɢ ɜɨɡɞɭɯɚ): 
                               (3.15) 
                                        
ɝɞɟ               ɜɪɟɦɹ ɞɟɢɨɧɢɡɚɰɢɢ; 
53 
 
            ɜɪɟɦɹ ɡɚɩɚɫɚ. Ɂɚ ɭɫɬɚɜɤɭ ɩɪɢɧɢɦɚɟɬɫɹ ɛɨɥɶɲɟɟ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ                ȼɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ɜɬɨɪɨɝɨ ɰɢɤɥɚ Ⱥɉȼ        ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɛɪɚɧɨ ɛɨɥɶɲɢɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɞɝɨɬɨɜɤɢ ɜɵɤɥɸɱɚɬɟɥɹ ɤ ɨɬɤɥɸɱɟɧɢɸ ɬɪɟɬɶɟɝɨ ɄɁ 
ɜ ɫɥɭɱɚɟ ɜɤɥɸɱɟɧɢɹ ɧɚ ɭɫɬɨɣɱɢɜɨɟ ɩɨɜɪɟɠɞɟɧɢɟ. ȼ ɬɟɱɟɧɢɟ ɷɬɨɝɨ ɜɪɟɦɟɧɢ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɨɬɤɥɸɱɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɜɵɤɥɸɱɚɬɟɥɹ. ɉɪɢɧɢɦɚɟɬɫɹ 
ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ               ȼɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɝɨɬɨɜɧɨɫɬɢ ɩɟɪɜɨɝɨ ɰɢɤɥɚ Ⱥɉȼ           ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ ɨɞɧɨɤɪɚɬɧɨɝɨ ɞɟɣɫɬɜɢɹ Ⱥɉȼ ɩɪɢ 
ɩɨɜɬɨɪɧɨɦ ɜɤɥɸɱɟɧɢɢ ɧɚ ɭɫɬɨɣɱɢɜɨɟ ɄɁ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɨɥɠɧɚ ɛɵɬɶ 
ɨɬɫɬɪɨɟɧɚ ɨɬ ɧɚɢɛɨɥɶɲɟɣ ɜɵɞɟɪɠɤɢ ɜɪɟɦɟɧɢ ɊɁȺ ɜ ɷɬɨɦ ɪɟɠɢɦɟ: 
                                               (3.16) 
 
ɝɞɟ        ɧɚɢɛɨɥɶɲɚɹ ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɡɚɳɢɬɵ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ 
ɨɬɤɥɸɱɟɧɢɟ;        ɜɪɟɦɹ ɨɬɤɥɸɱɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɹ;             ɜɪɟɦɹ ɡɚɩɚɫɚ. ɇɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɥɢɲɧɢɯ ɩɟɪɟɤɥɸɱɟɧɢɣ ɢ ɫɨɯɪɚɧɟɧɢɹ 
ɪɟɫɭɪɫɚ ɜɵɤɥɸɱɚɬɟɥɹ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɵɯ ɄɁ ɭɫɬɚɜɤɚ ɩɨ ɜɪɟɦɟɧɢ ɝɨɬɨɜɧɨɫɬɢ 
ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 30 ɫɟɤɭɧɞ. 
ȼ ɫɟɬɹɯ 6 ɤȼ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɦɧɨɝɨɤɪɚɬɧɨɣ ɪɚɛɨɬɵ Ⱥɉȼ, ɜɪɟɦɹ 
ɝɨɬɨɜɧɨɫɬɢ ɜɬɨɪɨɝɨ ɰɢɤɥɚ           ɩɪɢɦɟɦ ɪɚɜɧɵɦ 80 ɫɟɤɭɧɞ. 
 
3.4.7  Аɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɜɨɞ ɪɟɡɟɪɜɚ 
 
Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɜɨɞ ɪɟɡɟɪɜɚ (ȺȼɊ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɨɣ 
ɭɫɬɪɨɣɫɬɜ Siprotec 4 ɡɚɳɢɬɵ ɜɜɨɞɧɵɯ ɢ ɫɟɤɰɢɨɧɧɵɯ ɜɵɤɥɸɱɚɬɟɥɟɣ. ɉɪɢ 
ɢɫɱɟɡɧɨɜɟɧɢɢ ɩɢɬɚɧɢɹ ɧɚ ɲɢɧɚɯ ɨɞɧɨɣ ɢɡ ɫɟɤɰɢɣ ɩɢɬɚɧɢɟ ɧɚ ɨɛɟɫɬɨɱɟɧɧɭɸ 
ɫɟɤɰɢɸ ɩɪɢ ȺȼɊ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɫɟɤɰɢɨɧɧɵɣ ɜɵɤɥɸɱɚɬɟɥɶ. 
Ɉɫɧɨɜɧɵɦɢ ɭɫɬɚɜɤɚɦɢ ȺȼɊ ɹɜɥɹɸɬɫɹ ɤɨɧɬɪɨɥɶ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɦɟɠɧɨɣ 
ɫɟɤɰɢɢ ɢ ɜɪɟɦɹ ɫɪɚɛɚɬɵɜɚɧɢɹ ȺȼɊ. Ʉɨɧɬɪɨɥɶ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɦɟɠɧɨɣ ɫɟɤɰɢɢ 
ɞɨɥɠɟɧ ɛɵɬɶ ɜɤɥɸɱɟɧ, ɜɵɞɟɪɠɤɚ ɜɪɟɦɟɧɢ ɫɪɚɛɚɬɵɜɚɧɢɹ ȺȼɊ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɢɧɹɬɚ ɦɢɧɢɦɚɥɶɧɨɣ (ɬɚɤ ɤɚɤ ɨɬɫɬɪɨɣɤɚ ɩɨ ɜɪɟɦɟɧɢ ɩɪɢ ɫɧɢɠɟɧɢɢ 
ɧɚɩɪɹɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɄɁ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɁɆɇ). 
ɍɫɬɚɜɤɚ ɤɨɧɬɪɨɥɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɫɦɟɠɧɨɣ ɫɟɤɰɢɢ ɞɨɥɠɧɚ ɛɵɬɶ ɧɚ ɭɪɨɜɧɟ 









4  Ɋɚɫɱɟɬ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
 
4.1 Ɋɟɦɨɧɬɧɵɣ ɰɢɤɥ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
Ɋɚɫɫɱɢɬɚɟɦ ɪɟɦɨɧɬɧɵɣ ɰɢɤɥ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ. ȼɪɟɦɹ  
ɦɟɠɞɭ ɞɜɭɦɹ ɤɚɩɢɬɚɥɶɧɵɦɢ ɪɟɦɨɧɬɚɦɢ  (   ) ɢ ɦɟɠɞɭ ɞɜɭɦɹ ɬɟɤɭɳɢɦɢ ɪɟɦɨɧɬɚɦɢ (   ) ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɚɦ: 
                           (4.1) 
                           (4.2) 
 
ɝɞɟ            ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɟɦɨɧɬɧɨɝɨ ɰɢɤɥɚ, ɬɚɛɥ.4.1, 12.1 [10];         ɜɟɥɢɱɢɧɚ ɦɟɠɪɟɦɨɧɬɧɨɝɨ ɩɟɪɢɨɞɚ, ɬɚɛɥ.4.1, 12.1 [10];     ɩɨɩɪɚɜɨɱɧɵɣ   ɤɨɷɮɮɢɰɢɟɧɬ   ɞɥɹ   ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɟɦɨɧɬɧɨɝɨ ɰɢɤɥɚ ɢ ɦɟɠɪɟɦɨɧɬɧɨɝɨ ɩɟɪɢɨɞɚ, ɬɚɛɥ.4.2[10];     ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɫɦɟɧɧɨɫɬɢ ɪɚɛɨɬɵ, ɫ.55 [10];       ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɬɚɛɥ.4.2 [10];      ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɛɥ.4.2 
[10];      ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɩɟɪɟɞɜɢɠɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɬɚɛɥ.4.2 
[10], ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɯɟɦɟ 
c  ɨɬɫɭɬɫɬɜɭɟɬ. Ɋɚɫɫɱɢɬɚɟɦ ɜɪɟɦɹ ɦɟɠɞɭ ɞɜɭɦɹ ɤɚɩɢɬɚɥɶɧɵɦɢ, ɬɟɤɭɳɢɦɢ ɪɟɦɨɧɬɚɦɢ ɞɥɹ 
ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁɋ-1000/10 ɩɨ (4.1), (4.2), ɢɫɩɨɥɶɡɭɹ ɢɫɯɨɞɧɵɟ 
ɞɚɧɧɵɟ ɫ ɬɚɛɥɢɰɵ 4.1: 
                              
                                
 
Ⱦɥɹ ɨɫɬɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɱɟɬ ɚɧɚɥɨɝɢɱɟɧ ɢ ɪɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɭ 4.1 
 
Ɍɚɛɥɢɰɚ 4.1 – ɋɬɪɭɤɬɭɪɚ ɪɟɦɨɧɬɧɨɝɨ ɰɢɤɥɚ 
ɇɚɡɜɚɧɢɟ ɢ ɬɢɩ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
n*, 
ɲɬ.                                                    
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 
ɌɋɁɋ-1000/10 21 12 36 1 0,67 1 0,85 - 6,83 20,49 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 





ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.1. 
ɇɚɡɜɚɧɢɟ ɢ ɬɢɩ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
n*, 





5 12 36 1 0,67 1 0,85 - 6,83 20,49 
ȼɚɤɭɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɢ 
ɩɪɢɜɨɞɵ 
ȼB/TEL-10-12.5 
50 3 12 1 0,67 1 0,85 - 3,43 13,72 
Ʉɚɛɟɥɢ 6 ɤȼ 
(3x95) 2ɦɦ  
(3x120) 2ɦɦ  
40 20 12 1 0,67 1 0,85 - 11,39 6,83 
ɩ* — ɤɨɥɢɱɟɫɬɜɨ ɨɞɧɨɬɢɩɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
Ʉɨɥɢɱɟɫɬɜɨ ɬɟɤɭɳɢɯ ɪɟɦɨɧɬɨɜ (    ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                   (4.3) 
 
Ⱦɥɹ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌCɁɋ-1000/10 ɧɚɣɞɟɦ       ɩɨ (4.3): 
 
                          
. 
Ⱦɥɹ ɨɫɬɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.2. 
 
Ɍɚɛɥɢɰɚ 4.2 – Ɋɚɫɯɨɞɧɵɟ ɷɥɟɦɟɧɬɵ ɜ ɫɬɪɭɤɬɭɪɟ ɪɟɦɨɧɬɧɨɝɨ ɰɢɤɥɚ 
ɇɚɡɜɚɧɢɟ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɋɬɪɭɤɬɭɪɚ ɪɟɦɨɧɬɧɨɝɨ ɰɢɤɥɚ                            
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 
ɌɋɁɋ-1000/10                     6,83 20,49 3 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 





                    6,83 20,49 3 
ȼɚɤɭɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɢ ɩɪɢɜɨɞɵ 
ȼB/TEL-10-12.5                 3,43 13,72 2 
Ʉɚɛɟɥɢ 6 ɤȼ 
(3x95) 2ɦɦ  
(3x120) 2ɦɦ  
                       11,39 6,83 19         ɩɟɪɜɵɣ ɢ ɫɥɟɞɭɸɳɢɣ ɡɚ ɧɢɦ ɤɚɩɢɬɚɥɶɧɵɟ ɪɟɦɨɧɬɵ;                                                  ɬ ɪ  
56 
 
ɇɚ ɛɚɡɟ ɫɬɪɭɤɬɭɪɵ ɪɟɦɨɧɬɧɨɝɨ ɰɢɤɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɨɞɨɜɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ 
ɬɟɤɭɳɢɯ ɢ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ ɤɚɠɞɨɣ ɟɞɢɧɢɰɵ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 
Ƚɨɞɨɜɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                   (4.4) 
 
ɝɞɟ         ɝɨɞɨɜɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ;     ɤɨɥɢɱɟɫɬɜɨ ɨɞɧɨɬɢɩɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɛɥɢɰɚ 4.1;        ɬɪɭɞɨɟɦɤɨɫɬɶ ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɛɥ.5.3, 
5.4, 6.2,12.2 [10];      ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɟɦɨɧɬɧɨɝɨ ɰɢɤɥɚ, ɧɚɯɨɞɢɬɫɹ ɩɨ ɬɚɛɥɢɰɟ 4.1.  Ƚɨɞɨɜɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɬɟɤɭɳɢɯ ɪɟɦɨɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                        (4.5) 
 
ɝɞɟ            ɝɨɞɨɜɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɬɟɤɭɳɢɯ ɪɟɦɨɧɬɨɜ;       ɤɨɥɢɱɟɫɬɜɨ ɬɟɤɭɳɢɯ ɪɟɦɨɧɬɨɜ, ɬɚɛɥɢɰɚ 3.2;       ɬɪɭɞɨɟɦɤɨɫɬɶ ɬɟɤɭɳɟɝɨ ɪɟɦɨɧɬɚ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɛɥ.5.3, 5.4, 
9.2, 12.2 [10]. 
Ⱦɥɹ ɫɢɥɨɜɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɌɋɁɋ-1000/10 ɨɩɪɟɞɟɥɢɦ        ɩɨ (4.4): 
                                 
         ɨɩɪɟɞɟɥɢɦ ɩɨ (4.5): 
                                  
 
Ⱦɥɹ ɨɫɬɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɱɟɬɵ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.3.  
ɑɢɫɥɟɧɧɨɫɬɶ   ɪɟɦɨɧɬɧɨɝɨ   ɩɟɪɫɨɧɚɥɚ   ɞɥɹ   ɜɵɩɨɥɧɟɧɢɹ   ɤɚɩɢɬɚɥɶɧɵɯ 
ɪɟɦɨɧɬɨɜ (      ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
                       (4.6) 
 
ɝɞɟ                ɝɨɞɨɜɚɹ   ɬɪɭɞɨɟɦɤɨɫɬɶ   ɤɚɩɢɬɚɥɶɧɨɝɨ   ɪɟɦɨɧɬɚ,   ɬɚɛɥɢɰɚ   4.3;      ɝɨɞɨɜɨɣ ɷɮɮɟɤɬɢɜɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɨɞɧɨɝɨ ɪɚɛɨɱɟɝɨ (          );       ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɩɨɥɧɟɧɢɹ ɧɨɪɦɵ (        ).                                               
57 
 
Ɍɚɛɥɢɰɚ 4.3 – Ƚɨɞɨɜɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɤɚɩɢɬɚɥɶɧɵɯ ɢ ɬɟɤɭɳɢɯ ɪɟɦɨɧɬɨɜ 
ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ             ɤɨɥ-ɜɨ ɬɟɤ. ɪɟɦ.                                                         
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 
ɌɋɁɋ-1000/10 21 3 300 922,40 60 553,44 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 





5 3 600 439,24 130 285,51 
ȼɚɤɭɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɢ ɩɪɢɜɨɞɵ 
ȼB/TEL-10-12.5 50 2 15 218,66 4 116,62 
(3x120) 2ɦɦ -4,2  19 160 59,00 48 336,29 
(3x95) 2ɦɦ -3,8  19 90 30,03 27 171,15   - - - 2364,79 - 1880,29 
 
ɑɢɫɥɟɧɧɨɫɬɶ ɪɟɦɨɧɬɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɟɤɭɳɟɝɨ ɪɟɦɨɧɬɚ       
(    ) ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
                       (4.7) 
 
ɝɞɟ            ɝɨɞɨɜɚɹ    ɬɪɭɞɨɟɦɤɨɫɬɶ    ɬɟɤɭɳɟɝɨ    ɪɟɦɨɧɬɚ,    ɬɚɛɥɢɰɚ   4.3            
(                      . 
ɑɢɫɥɟɧɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɛɚɡɟ ɝɨɞɨɜɨɣ 
ɬɪɭɞɨɟɦɤɨɫɬɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ (       , ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɩɪɨɰɟɧɬɧɨɦ ɨɬɧɨɲɟɧɢɢ ɨɬ ɝɨɞɨɜɨɣ ɬɪɭɞɨɟɦɤɨɫɬɢ ɬɟɤɭɳɟɝɨ ɪɟɦɨɧɬɚ ɩɨ 
ɮɨɪɦɭɥɟ: 
                     (4.8) 
 
ɑɢɫɥɟɧɧɨɫɬɶ ɪɟɦɨɧɬɧɨɝɨ (ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ) ɩɟɪɫɨɧɚɥɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ (     , ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɮɨɪɦɭɥɟ: 
                      (4.9) 
 
ɝɞɟ          ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɩɨɥɧɟɧɢɹ ɧɨɪɦɵ (      ). ȼɵɱɢɫɥɢɦ ɱɢɫɥɟɧɧɨɫɬɶ ɪɟɦɨɧɬɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɨɜ ɩɨ (4.6): 
 




ɉɪɢɧɢɦɚɟɦ             
ɑɢɫɥɟɧɧɨɫɬɶ ɪɟɦɨɧɬɧɨɝɨ ɩɟɪɫɨɧɚɥɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɟɤɭɳɟɝɨ ɪɟɦɨɧɬɚ 
ɜɵɱɢɫɥɢɦ ɩɨ (4.7): 
                                
 
ɉɪɢɧɢɦɚɟɦ           . 
Ƚɨɞɨɜɭɸ ɬɪɭɞɨɟɦɤɨɫɬɶ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ (4.8): 
                                  
 
ɑɢɫɥɟɧɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɦ ɩɨ (4.9): 
 
                              
 
ɉɪɢɧɢɦɚɟɦ           . Ɉɩɪɟɞɟɥɢɦ ɨɛɳɢɣ ɮɨɧɞ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɢ ɡɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ. 
Ɉɫɧɨɜɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
            (4.10) 
 
ɝɞɟ          ɨɫɧɨɜɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ;     ɝɨɞɨɜɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ,        ɢɥɢ        ɩɨ ɬɚɛɥɢɰɟ 3.3;     ɱɚɫɨɜɚɹ ɬɚɪɢɮɧɚɹ ɫɬɚɜɤɚ ɪɚɛɨɱɟɝɨ 3-ɝɨ ɪɚɡɪɹɞɚ (         ). 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                    (4.11) 
 
ɝɞɟ          ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ;        ɡɚɬɪɚɬɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɜ ɩɪɨɰɟɧɬɧɨɦ ɨɬɧɨɲɟɧɢɢ ɨɬ ɨɫɧɨɜɧɵɯ 
ɡɚɬɪɚɬ:                         ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɨɟ ɫɬɪɚɯɨɜɚɧɢɟ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ (4.12): 
                          (4.12) 
 
ɉɪɢɜɟɞɟɦ   ɪɚɫɱɟɬ   ɡɚɬɪɚɬ   ɞɥɹ   ɫɢɥɨɜɨɝɨ   ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ   ɌɋɁɋ-
1000/10. 
Ɉɫɧɨɜɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɚ (          




                                  
 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ   ɡɚɬɪɚɬɵ   ɧɚ   ɩɪɨɜɟɞɟɧɢɟ   ɤɚɩɢɬɚɥɶɧɨɝɨ   ɪɟɦɨɧɬɚ 
(          ɨɩɪɟɞɟɥɹɟɦ ɩɨ (4.11) ɢɫɩɨɥɶɡɭɹ (4.12): 
 
                                                      
 
                                                              
 
Ɉɫɧɨɜɧɵɟ ɡɚɬɪɚɬɵ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɬɟɤɭɳɟɝɨ 
ɪɟɦɨɧɬɚ (                   ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ (4.10 … 4.12): 
                                 
 
                                                          
 
                                             
 
Ⱦɥɹ ɨɫɬɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 4.4. 
Ɋɚɫɫɱɢɬɚɟɦ ɨɛɳɢɣ ɮɨɧɞ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɩɨ ɨɛɨɪɭɞɨɜɚɧɢɸ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ ɜ ɰɟɥɨɦ.  
Ɉɫɧɨɜɧɵɟ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɪɩɥɚɬɵ ɧɚ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ 
(                   ɨɩɪɟɞɟɥɹɟɦ ɩɨ (4.10 …4.12): 
                                  
 
                                                              
 
                                             
 
Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ (       ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                                                         (4.13) 
 
Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɟɦɨɧɬɧɨɝɨ ɩɟɪɫɨɧɚɥɚ (     ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                                               (4.14) 
 
ɝɞɟ                                            ɫɭɦɦɚɪɧɵɟ  ɡɚɬɪɚɬɵ  ɧɚ  ɬɟɤɭɳɢɣ  ɢ  




                                                               
 
Ɉɛɳɢɣ ɮɨɧɞ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ (  ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                                                 (4.15) 
 
ɋɭɦɦɚɪɧɚɹ ɱɢɫɥɟɧɧɨɫɬɶ ɩɟɪɫɨɧɚɥɚ ɫɨɫɬɚɜɥɹɟɬ     ɱɟɥɨɜɟɤɚ. 
ɋɪɟɞɧɟɦɟɫɹɱɧɚɹ   ɡɚɪɚɛɨɬɧɚɹ   ɩɥɚɬɚ   ɨɞɧɨɝɨ   ɪɚɛɨɬɧɢɤɚ: 
                                         (4.16) 
     
ɝɞɟ       ɤɨɥɢɱɟɫɬɜɨ ɦɟɫɹɰɟɜ ɜ ɝɨɞɭ,       ɦɟɫɹɰɟɜ. 
                                                                       








Ɂɚɬɪɚɬɵ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ, ɪɭɛ. 
ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ ɧɚ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ                                                   
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 
ɌɋɁɋ-1000/10 553,44 922,40 92240,12 48794,96 55344,00 29276,98 
Ɍɪɚɧɫɮɨɪɦɚɬɨɪ 




ɌȾɇɋ-10000/36,75/6,3 285,51 439,24 43923,87 23235,72 28550,51 15103,22 
ȼɚɤɭɭɦɧɵɟ ɜɵɤɥɸɱɚɬɟɥɢ ɢ 
ɩɪɢɜɨɞɵ 
ȼB/TEL-10-12.5 
116,62 218,66 21865,89 11567,06 11661,81 6169,10 
(3x120) 2ɦɦ  336,29 59,00 5899,91 3121,05 33629,50 17790,01 
(3x95) 2ɦɦ  171,15 30,03 3002,63 1588,39 17115,01 9053,84 
 
1880,29 2364,79 236478,5 125097,1 188028,5 99467,09 
 
Ɂɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ (  ) ɞɥɹ ɪɟɦɨɧɬɚ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɹ ɬɚɛɥɢɰɭ 4.4: 
ɚ) ɧɚ ɤɚɩɢɬɚɥɶɧɵɣ ɪɟɦɨɧɬ (Ʉ.Ɋ):    
                                                                               
 




                                                                           
 
ɜ) ɧɚ ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ (Ɍ.Ɉ): 
 
                                              
 
ɝ) ɫɭɦɦɚɪɧɚɹ ɫɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ: 
                                                                     
 
ɋɜɟɞɟɦ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɭɠɞ ɜ ɬɚɛɥɢɰɭ 4.5.        
                                                                                                                 
Ɍɚɛɥɢɰɚ 4.5 – ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɉɨɤɚɡɚɬɟɥɢ ɡɚ ɝɨɞ ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɡɚ 1 ɝɨɞ, ɬ. ɪ. 
ɉɪɨɰɟɧɬɧɨɟ 
ɡɧɚɱɟɧɢɟ 
Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɟɦɨɧɬɧɨɝɨ ɩɟɪɫɨɧɚɥɚ  
ɫ ɨɬɱɢɫɥɟɧɢɟɦ ɧɚ ɫɨɰɢɚɥɶɧɨɟ ɫɬɪɚɯɨɜɚɧɢɟ 706,57 10,08 
ɋɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɪɟɦɨɧɬ 548,78 7,83 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ 5545 79,07 
ɉɪɨɱɢɟ ɨɬɱɢɫɥɟɧɢɹ 211,97 3,02 
ɂɬɨɝɨ 7012,32 100 
         
4.2 Ɇɟɬɨɞɢɤɚ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɜ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɢ 
ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ Ƚɗɋ 
 
ɉɪɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱёɬɚɯ ɤɪɢɬɟɪɢɟɦ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɹɜɥɹɟɬɫɹ 
ɦɢɧɢɦɭɦ ɩɪɢɜɟɞёɧɧɵɯ ɡɚɬɪɚɬ: 
                (4.17) 
  
ɝɞɟ        ɧɨɪɦɚɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ,        , ɫ. 545 [4];     – ɫɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ;     – ɟɠɟɝɨɞɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ. Ɉɛɵɱɧɨ ɫɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ (   ) ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                      (4.18) 
 
ɝɞɟ     – ɫɬɨɢɦɨɫɬɶ ɢ ɦɨɧɬɚɠ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ;         – ɫɬɨɢɦɨɫɬɶ ɜɫɟɯ ɹɱɟɟɤ ɫ ɜɵɤɥɸɱɚɬɟɥɹɦɢ ɢ ɢɯ ɦɨɧɬɚɠ;     – ɫɬɨɢɦɨɫɬɶ ɦɨɧɬɚɠɚ ɢ ɦɚɬɟɪɢɚɥɚ ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ. 
62 
 
ȿɠɟɝɨɞɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (   ) ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                               (4.19) 
  
ɝɞɟ     – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ;      – ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ;         – ɢɡɞɟɪɠɤɢ ɧɚ ɜɨɡɦɟɳɟɧɢɟ ɩɨɬɟɪɶ ɜ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ;         – ɢɡɞɟɪɠɤɢ ɧɚ ɜɨɡɦɟɳɟɧɢɟ ɩɨɬɟɪɶ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ. Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ (  ) ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ: 
                                         (4.20) 
 
ɝɞɟ   – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɞɥɹ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ        , ɞɥɹ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɧɚɩɪɹɠɟɧɢɟɦ 6 ɤȼ:        , ɬɚɛɥɢɰɚ 10,2 [4]. 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ (    ): 
                  (4.21) 
  
ɝɞɟ b – ɧɨɪɦɚ ɡɚɬɪɚɬ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ: ɞɥɹ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ      , 
ɞɥɹ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ (ɄɅ)      , ɫɬɪɚɧɢɰɚ 549 [4]. 
ɉɨɬɟɪɢ ɜ ɥɢɧɢɹɯ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱ (Ʌɗɉ): 
                    (4.22) 
 
ɝɞɟ β – ɫɪɟɞɧɹɹ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɩɨ ɞɚɧɧɵɦ ɗɧɟɪɝɨɧɚɞɡɨɪɚ                  ;      – ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ Ʌɗɉ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                              (4.23) 
 
ɝɞɟ                 ɪɚɛɨɱɢɣ ɬɨɤ ɧɨɪɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ;    – ɭɞɟɥɶɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɥɢɧɢɢ; 
     – ɞɥɢɧɚ ɄɅ; 
   – ɤɨɥɢɱɟɫɬɜɨ ɄɅ; 
ɉɨɬɟɪɢ ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚɯ (       ): 
                (4.24) 
 
ɝɞɟ     – ɩɨɬɟɪɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (ɗɗ) ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:




                           (4.25) 
  
ɝɞɟ           ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɨɳɧɨɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ (ɯ.ɯ.) ɢ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ (ɤ.ɡ.) ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ;     ɜɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɩɨɬɟɪɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                           (4.26) 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
                 (4.27) 
 
ɝɞɟ     – ɪɚɫɱɟɬɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ;         – ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɨɬɟɪɶ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɜ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɹɯ 
ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɦɟɬɢɬɶ ɫɟɱɟɧɢɹ (   ) ɩɢɬɚɸɳɢɯ ɤɚɛɟɥɟɣ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɫɯɟɦ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɢɫɯɨɞɹ ɢɡ ɞɜɭɯ ɭɫɥɨɜɢɣ: 
1) ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ (jɷɤ): 
                (4.28) 
 
ɝɞɟ     – ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɉɍɗ, Ⱥ/ɦɦ2. ɋɬɚɧɞɚɪɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɟɱɟɧɢɹ ɤɚɛɟɥɹ (      ): Sɫɬɚɧɞ≥ Sɷɤ ,             
2) ɩɨ ɧɚɝɪɟɜɭ ɬɨɤɨɦ ɞɥɢɬɟɥɶɧɨɝɨ ɪɟɠɢɦɚ (         ):                    
Ɉɩɪɟɞɟɥɢɦ ɫɟɱɟɧɢɟ ɤɚɛɟɥɹ (    ) ɩɨ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ:              
 ɉɪɢɧɢɦɚɟɦ ɛɥɢɠɚɣɲɟɟ ɛɨɥɶɲɟɟ ɫɬɚɧɞɚɪɬɧɨɟ ɫɟɱɟɧɢɟ (3×120)     ɞɥɹ 
ɞɚɧɧɨɝɨ ɤɚɛɟɥɹ. Ⱦɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɣ ɬɨɤ (Iɞɥ.ɞɨɩ) ɞɥɹ ɷɬɨɝɨ ɤɚɛɟɥɹ ɪɚɜɟɧ 
412 Ⱥ, [16]. 
ɉɪɨɜɟɪɢɦ ɜɵɛɪɚɧɧɵɣ ɤɚɛɟɥɶ ɩɨ ɧɚɝɪɟɜɭ ɪɚɛɨɱɢɦ ɬɨɤɨɦ ɭɬɹɠɟɥёɧɧɨɝɨ 
ɪɟɠɢɦɚ: 
                                          (4.29) 
  
ɉɪɨɜɟɪɤɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɩɨɥɧɟɧɢɢ ɧɟɪɚɜɟɧɫɬɜɚ: 
                          (4.30) 
 
ɝɞɟ           – ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɭɫɬɢɦɨɣ ɩɟɪɟɝɪɭɡɤɢ ɤɚɛɟɥɹ; 
     ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ: 
64 
 
                                            (4.31) 
                                      
 
ɝɞɟ         – ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɤɚɛɟɥɟɣ 6ɤȼ ɫ ɋɉɗ 
ɢɡɨɥɹɰɢɟɣ,         = 90˚ɋ, [16]; 
    – ɮɚɤɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɜ ɞɚɧɧɨɦ ɪɚɫɱɟɬɟ ɩɪɢɧɹɬɚɹ ɪɚɜɧɨɣ ɧɨɦɢɧɚɥɶɧɨɣ; 
        – ɧɨɦɢɧɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɪɨɜɨɞɧɢɤ ɩɪɨɥɨɠɟɧ ɜ ɡɟɦɥɟ,        = 25˚ɋ, ɫ. 11 [5]. Ɍɨɝɞɚ ɧɟɪɚɜɟɧɫɬɜɨ ɜɵɝɥɹɞɢɬ ɬɚɤ:                        
ɍɫɥɨɜɢɟ ɩɪɨɜɟɪɤɢ ɤɚɛɟɥɹ ɜɵɩɨɥɧɹɟɬɫɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɚɛɟɥɶ ɩɪɨɯɨɞɢɬ 
ɩɨ ɞɚɧɧɨɦɭ ɩɭɧɤɬɭ. 
Ɋɚɫɱёɬɵ ɞɥɹ ɞɪɭɝɢɯ ɤɚɛɟɥɟɣ, ɩɢɬɚɸɳɢɯ ɫɯɟɦɭ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɋɇ 
Ƚɗɋ, ɩɪɨɜɨɞɹɬɫɹ ɚɧɚɥɨɝɢɱɧɨ, ɢɯ ɪɟɡɭɥɶɬɚɬɵ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 4.6 
 
Ɍɚɛɥɢɰɚ 4.6 – ȼɵɛɨɪ ɄɅ          
ɤȼȺ 
           










21 (3×120) ɋɉɗ 
 
Ɋɚɫɱёɬ ɩɨɬɟɪɶ ɜ ɄɅ ɢ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɣ, ɬɪɟɛɭɟɦɵɯ ɧɚ ɫɨɨɪɭɠɟɧɢɟ ɄɅ, 
ɜɟɞɟɦ ɧɚ ɩɪɢɦɟɪɟ ɪɚɫɱɟɬɚ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ ɋɇ Ƚɗɋ (ɬɚɛɥɢɰɚ 4.6). 
Ɉɩɪɟɞɟɥɢɦ ɩɨɬɟɪɢ ɚɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ (  ) ɩɨ ɮɨɪɦɭɥɟ (4.23): 
                                      
                                     
                        
 
ɉɨ ɮɨɪɦɭɥɟ (4.26) ɨɩɪɟɞɟɥɢɦ     
                                    
 
ɉɨ ɮɨɪɦɭɥɟ (4.22) ɨɩɪɟɞɟɥɢɦ          




Ɉɩɪɟɞɟɥɢɦ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɄɅ (  ) ɫɟɱɟɧɢɟɦ (3×120ɦɦ2), ɫ ɭɱёɬɨɦ ɭɞɟɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɨɞɧɨɝɨ ɤɢɥɨɦɟɬɪɚ ɄɅ ɦɚɪɤɢ ɋɉɗ (                     ) [9]:  
                                              
 
ɝɞɟ       – ɞɥɢɧɚ ɄɅ; 
n – ɤɨɥɢɱɟɫɬɜɨ ɄɅ. 
Ɉɩɪɟɞɟɥɢɦ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɜ ɄɅ (        ɩɨ ɮɨɪɦɭɥɟ (4.20), ɩɪɢɱёɦ                      
                                       
 
 Ɂɚɬɪɚɬɵ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ (         ɄɅ ɩɨ ɮɨɪɦɭɥɟ (4.21): 
                                      
 
Ʉɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɧɚ ɜɵɤɥɸɱɚɬɟɥɢ (         ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɫɬɨɢɦɨɫɬɶ 
ɫɨɪɨɤɚ ɜɵɤɥɸɱɚɬɟɥɟɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɹɱɟɣɤɟ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɨɬɯɨɞɹɳɢɯ 
ɥɢɧɢɹɯ ɨɬ 1-ɄɊɍ-1, 1-ɄɊɍ-2, 2-ɄɊɍ-1, 2-ɄɊɍ-2, 3-ɄɊɍ-1, 3-ɄɊɍ2. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ ɧɚ ɜɵɤɥɸɱɚɬɟɥɢ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ 
ɤɚɤ ɩɪɨɢɡɜɟɞɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɹɱɟɣɤɢ ɄɊɍ ɫ ɜɵɤɥɸɱɚɬɟɥɟɦ (               ) ɧɚ ɢɯ ɤɨɥɢɱɟɫɬɜɨ (  ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ     : 
                                     
 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ ɞɥɹ ɄɊɍ (  ) ɩɨ ɮɨɪɦɭɥɟ (4.20): 
                                               
 
ɝɞɟ    ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ, ɞɥɹ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ        , ɬɚɛɥɢɰɚ 10.2 [4]. 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɞɥɹ ɄɊɍ (      
                                            
 
ɝɞɟ      – ɧɨɪɦɚ ɡɚɬɪɚɬ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɢɥɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ [4]. 
 
ȿɠɟɝɨɞɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (  I,U )ɩɨ ɮɨɪɦɭɥɟ (4.19): 
66 
 
                                                                        
 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ (      
                                                
  
ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɪɚɫɱёɬɨɜ, ɨɩɪɟɞɟɥɢɦ ɩɪɢɜɟɞёɧɧɵɟ 
ɡɚɬɪɚɬɵ (  ) ɩɨ ɮɨɪɦɭɥɟ (4.17): 
 
                                       
 
Ɋɟɡɭɥɶɬɚɬɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 4.7. 
 
Ɍɚɛɥɢɰɚ 4.7 – ɌɗɊ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɋɭɦɦɚ 
ɉɨɬɟɪɢ ɚɤɬ. ɦɨɳɧɨɫɬɢ ɄɅ (ΔɊ) 2,03 ɤȼɬ 
ɉɨɬɟɪɢ ɜ ɥɢɧɢɹɯ ɄɅ (       )  7,4 ɬɵɫ.ɪɭɛ/ɝɨɞ 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɄɅ (   ) 128960 ɬɵɫ.ɪɭɛ 
Ⱥɦɦɨɪɬ. ɨɬɱɢɫɥɟɧɢɹ ɄɅ (      )  5545 ɬɵɫ.ɪɭɛ/ɝɨɞ 
Ɂɚɬɪɚɬɵ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɷɤɫɩɥ. ɄɅ (       ) 2579 ɬɵɫ.ɪɭɛ/ɝɨɞ 
Ʉɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɹɱɟɣɤɢ ɄɊɍ ɫ ɜɵɤɥ.(       ) 5280 ɬɵɫ.ɪɭɛ 
Ⱥɦɦɨɪɬ. ɨɬɱɢɫɥɟɧɢɹ ɞɥɹ ɄɊɍ (       ) 281,6 ɬɵɫ.ɪɭɛ/ɝɨɞ 
Ɂɚɬɪɚɬɵ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɷɤɫɩɥ. ɄɊɍ (   ) 132 ɬɵɫ.ɪɭɛ/ɝɨɞ 
ȿɠɟɝɨɞɧɵɟ ɷɤɫɩɥɭɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ (   ) 8545 ɬɵɫ.ɪɭɛ/ɝɨɞ 
ɋɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ (   ) 133360 ɬɵɫ.ɪɭɛ 
Ɇɢɧɢɦɭɦ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬ (  ) 24548 ɬɵɫ.ɪɭɛ/ɝɨɞ 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɟɯɧɢɤɨ – ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 
ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ, ɚ ɢɦɟɧɧɨ: ɱɢɫɥɟɧɧɨɫɬɶ ɢ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ 

















ȼ ɤɚɱɟɫɬɜɟ ɧɟɡɚɜɢɫɢɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ 
ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶɫɹ: 
 Ɉɛɦɨɬɤɚ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨɜɵɲɚɸɳɟɝɨ (ɛɥɨɱɧɨɝɨ) 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɪɢ ɧɚɥɢɱɢɢ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɜɵɤɥɸɱɚɬɟɥɹ ɢ ɪɟɠɢɦɚ 
ɩɨɫɬɨɹɧɧɨɝɨ ɜɤɥɸɱɟɧɢɹ ɩɨɜɵɲɚɸɳɟɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨ ɫɬɨɪɨɧɵ ȼɇ; 
 Ƚɢɞɪɨɝɟɧɟɪɚɬɨɪ; 
 Ɉɛɦɨɬɤɚ ɧɢɡɲɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɚɜɬɨɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɫɜɹɡɢ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɨɜɵɲɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ; 
 ɒɢɧɵ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 35-220 ɤȼ; 
 Ⱦɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɵ; 
 ɉɨɞɫɬɚɧɰɢɹ ɦɟɫɬɧɨɝɨ ɪɚɣɨɧɚ, ɢɦɟɸɳɚɹ ɫɜɹɡɶ ɫ ɷɧɟɪɝɨɫɢɫɬɟɦɨɣ. 
Ⱥɜɬɨɪɨɦ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɦɟɬɨɞ ɞɨɪɚɛɨɬɤɢ ɫɯɟɦɵ 
ɩɢɬɚɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫ ɩɨɦɨɳɶɸ ɭɫɬɚɧɨɜɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɧɟɡɚɜɢɫɢɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ 
ɝɢɞɪɨɝɟɧɟɪɚɬɨɪɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɯɟɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɛɟɫɩɟɪɟɛɨɣɧɨɟ ɩɢɬɚɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɋɇ ɩɪɢ ɩɥɚɧɨɜɵɯ ɢ ɚɜɚɪɢɣɧɵɯ 
ɨɬɤɥɸɱɟɧɢɹɯ ɪɚɡɥɢɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ ɋɇ. Ʌɸɛɨɣ ɷɥɟɦɟɧɬ ɫɯɟɦɵ ɦɨɠɟɬ 
ɛɵɬɶ ɜɵɜɟɞɟɧ ɜ ɪɟɦɨɧɬ ɛɟɡ ɫɧɢɠɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɩɢɬɚɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɋɇ.  
Ɍɚɤ ɠɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɟɪɧɢɡɚɰɢɢ, ɜ ɫɥɭɱɚɟ ɩɨɜɪɟɠɞɟɧɢɹ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɭɞɚɥɨɫɶ ɨɫɬɚɜɢɬɶ ɜ ɪɚɛɨɬɟ ɛɥɨɤ, ɜ ɤɨɬɨɪɵɣ 
ɜɯɨɞɢɬ ɱɟɬɵɪɟ ɝɟɧɟɪɚɬɨɪɚ ɢ ɩɨɜɵɲɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɦɵ 
ɫɦɨɠɟɦ ɫɨɯɪɚɧɢɬɶ ɡɚɞɚɧɧɵɣ ɭɪɨɜɟɧɶ ɝɟɧɟɪɚɰɢɢ ɢ ɧɟ ɩɨɧɟɫɬɢ ɛɨɥɶɲɢɟ ɲɬɪɚɮɵ. 
Ɉɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɞɟɠɧɚɹ ɢ ɛɟɫɩɟɪɟɛɨɣɧɚɹ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ. 
ɗɬɨɬ ɜɚɪɢɚɧɬ ɩɨɡɜɨɥɢɥ ɫɞɟɥɚɬɶ ɫɯɟɦɭ ɛɨɥɟɟ ɧɚɞɟɠɧɨɣ ɢ ɧɚɢɦɟɧɟɟ 
ɡɚɬɪɚɬɧɨɣ. 
Ʌɨɝɢɤɚ ɩɨɫɬɪɨɟɧɢɹ ɫɯɟɦɵ ɋɇ, ɩɪɢɦɟɧɟɧɢɟ ɨɞɧɨɬɢɩɧɵɯ ɤɨɦɩɥɟɤɬɧɵɯ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ 6 ɢ 0,4 ɤȼ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɪɨɫɬɨɬɭ ɢ ɧɚɝɥɹɞɧɨɫɬɶ 
ɫɯɟɦɵ, ɥɟɝɤɨ ɜɨɫɩɪɢɧɢɦɚɸɬɫɹ ɨɩɟɪɚɬɢɜɧɵɦ ɩɟɪɫɨɧɚɥɨɦ ɢ ɩɨɡɜɨɥɹɟɬ 
ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɤɥɸɱɢɬɶ ɨɲɢɛɤɢ ɩɪɢ ɨɩɟɪɚɬɢɜɧɵɯ ɩɟɪɟɤɥɸɱɟɧɢɹɯ ɜ ɫɯɟɦɟ ɋɇ. 
Ⱥɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɳɢɣɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɬɨɤɨɜ 
ɬɪɟɯɮɚɡɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɩɨɡɜɨɥɢɥ ɩɪɨɢɡɜɟɫɬɢ ɜɵɛɨɪ ɢ ɩɪɨɜɟɪɤɭ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɢɦɟɟɧɨ: ɹɱɟɟɤ ɄɊɍ 6 ɤȼ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɚɧɢɢ 
Siemens, ɜɵɤɥɸɱɚɬɟɥɟɣ ɜ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ 6 ɤȼ; ɪɚɡɴɟɞɢɧɢɬɟɥɟɣ 
ɜ ɰɟɩɹɯ Ɍɋɇ; ɠɟɫɬɤɢɯ ɲɢɧ ɜ ɄɊɍ 6 ɤȼ; ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɬɨɤɚ 6 ɤȼ; 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɨɜ ɧɚɩɪɹɠɟɧɢɹ 6 ɤȼ; ɫɟɱɟɧɢɹ ɩɢɬɚɸɳɢɯ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɞɥɹ 
ɫɯɟɦɵ ɋɇ Ƚɗɋ. 
Ⱦɥɹ ɧɚɞɟɠɧɨɣ ɡɚɳɢɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɫɬɪɨɣɫɬɜɚ ɪɟɥɟɣɧɨɣ 
ɡɚɳɢɬɵ ɧɚ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɛɚɡɟ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɧɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɟ. 




Ⱦɥɹ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɜɵɛɪɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɵɥ 
ɩɪɨɜɟɞɟɧ ɬɟɯɧɢɤɨ – ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɟɧɵ 
ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ: ɫɬɨɢɦɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɪɟɦɨɧɬ, 
ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɟɦɨɧɬɧɨɝɨ ɩɟɪɫɨɧɚɥɚ. 
Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɩɪɢ ɦɨɞɟɪɧɢɡɚɰɢɢ 











































ȺȼɊ – ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɜɨɞ ɪɟɡɟɪɜɚ;  
Ⱥɉȼ – ɚɜɬɨɦɚɬɢɤɚ ɩɨɜɬɨɪɧɨɝɨ ɜɤɥɸɱɟɧɢɹ; 
Ⱥɍȼ – ɚɜɬɨɦɚɬɢɤɚ ɭɩɪɚɜɥɟɧɢɹ ɜɵɤɥɸɱɚɬɟɥɟɦ; 
Ƚɗɋ – ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɹ; 
ɁɆɇ – ɡɚɳɢɬɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ; 
Ɂɉɇ – ɡɚɳɢɬɚ ɨɬ ɩɨɜɵɲɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ; 
ɄɁ – ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ; 
ɄɅ – ɤɚɛɟɥɶɧɚɹ ɥɢɧɢɹ; 
ɄɊɍ  – ɤɨɦɩɥɟɤɬɧɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 
ɄɌɉ – ɤɨɦɩɥɟɤɬɧɚɹ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɚɹ ɩɨɞɫɬɚɧɰɢɹ; 
ɅɁɒ – ɥɨɝɢɱɟɫɤɚɹ ɡɚɳɢɬɚ ɲɢɧ; 
ɆɌɁ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɡɚɳɢɬɚ; 
ɈɁɁ – ɨɞɧɨɮɚɡɧɨɟ ɡɚɦɵɤɚɧɢɟ ɧɚ ɡɟɦɥɸ; 
ɈɊɍ – ɨɬɤɪɵɬɨɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 
ɋɇ – ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ; 
ɌɈ – ɬɨɤɨɜɚɹ ɨɬɫɟɱɤɚ;  
Ɍɋɇ – ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ; 
ɌɗɊ – ɬɟɯɧɢɤɨ – ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɪɚɫɱɟɬ;  
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Ɋɚɫɱёɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 






















Uɧɨɦ, ɤȼ, ɨɛɦɨɬɨɤ Iɧɨɦ, Ⱥ, ɨɛɦɨɬɨɤ 
ȼɇ ɋɇ ɇɇ ȼɇ ɋɇ ɇɇ 
1 2 3 4 5 6 7 8 9 10 11 12 
1T Ɍɐ-400000\500 400000 Yɧ\Ⱦ-11   525  13,8 440  16735 
2T Ɍɐ-400000\500 400000 Yɧ\Ⱦ-11   525  13,8 440  16735 
3T Ɍɐ-400000\500 400000 Yɧ\Ⱦ-11   525  13,8 440  16735 
4T Ɍɐ-400000\220 400000 Yɧ\Ⱦ-11   242  13,8 954  16735 
5T Ɍɐ-200000\220 200000 Yɧ\Ⱦ-11 ȼɇ22,5% ɉȻȼ 242  13,8 478  8367 
1-3Ɍɋɇ ɌȾɇɋ-10000\13,8 10000 Yɧ\Y-0 ȼɇ81,5% Ɋɉɇ 13,8  6,3 418  916,4 






0 ɋɇ12,1% Ɋɉɇ 
500000 3 230000 3 38360 578 1257 1302 









Uk, %, ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ Ɋk, ɤȼɬ ɦɟɠɞɭ ɨɛɦɨɬɤɚɦɢ 
Uxx, ɤȼ Ɋx, ɤȼ Ix, % ȼɇ-ɋɇ ȼɇ-ɇɇ ɋɇ-ɇɇ ȼɇ-ɋɇ ȼɇ-ɇɇ ɋɇ-ɇɇ 
1T  13,1   875  525 338 0,49 
2T  13,2   760  525 289 0,52 
3T  13,1   852  525 324 0,52 
4T  11,2   856  242 304 0,58 
5T  10,5   819  242 142 0,37 
1-3Ɍɋɇ  7,94   56,4  13,8 13,8 0,7 
1ȺɌ ɮ.Ⱥ,B,C 10,7 33,4 20,8 329 91,7 84,9 230000 3 96,6 0,27 
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                                          Ɋɢɫɭɧɨɤ Ⱥ.1 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɪɚɫɱёɬɨɜ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 
 
G2 G1 G3 G4 
 
G6 G5 G7 G8 
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Ɋɢɫɭɧɨɤ Ⱥ.2 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɪɚɫɱёɬɨɜ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɋɇ 
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